
J  J E u r o p a i s c h e s   

Patentamt 

European  Patent  Office  ©  Publication  number:  0   0 3 5   2 6 5  

Office  europeen  des  brevets 

@  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  81101473.7  ®  Int.  CI.3:  A  61  K  4 9 / 0 2  

@  Date  of  filing:  02.03.81 

©  Priority:  03.03.80  US  126261  @  Applicant:  Goldenberg,  Milton  David,  636  Lakeshore 
03.03.80  US  1  26262  Drive,  Lexington  Kentucky  40502  (US) 
03.03.80  US  126263 

©  Date  of  publication  of  application  :  09.09.81  @  '™ent°r:  G°Wenberg  Mlrton  David,  636  Lakeshore 
Bulletin  81/36  Drive,  Lexington  Kentucky  40502  (US) 

@  Designated  Contracting  States:  AT  BE  CH  DE  FH  GB  IT  @  Representative:  Rasper,  Joachim,  Dr.,  Bierstadter 
LI  LU  NL  SE  Hohe  22,  D-6200  Wiesbaden  (DE) 

@  Tumor  localization  and  therapy  with  labeled  antibodies  and  antibody  fragments  specific  to  tumor-associated  markers. 

Methods  are  provided  for  using  radiolabeled  anti- 
bodies  and  antibody  fragments  specific  to  tumor-associated 
markers  for  detection,  localization  and  therapy  of  tumors. 
Mixtures  of  labeled  antibodies  and/or  antibody  fragments 
with  varied  specificity  or  multivalent  hybrid  fragments  per- 
mit  detection  and  localization  of  more  than  one  tumor  type. 
Antibodies,  antibody  fragments  and  injectable  compositions 
for  use  in  the  methods  of  the  invention  are  also  provided. 



B a c k g r o u n d  o f  t h e  I n v e n t i o n  

I t   is  known  t h a t   r a d i o l a b e l e d   a n t i b o d i e s   to  c a r c i n o e m -  

b r y o n i c   a n t i g e n   (CEA)  can  be  u sed   to  l o c a l i z e   t u m o r s .  

U.S.   P a t e n t   3 , 9 2 7 , 1 9 3 ,   to  H a n s e n   et  a l ,   d i s c l o s e s   such   a 

m e t h o d ,   but   p r o v i d e s   e x a m p l e s   of  i t s   use  o n l y   in  a n i m a l s .  

The  m e t h o d   d e s c r i b e d   in  t h i s   p a t e n t   d o e s   no t   e x p l a i n   how 

t u m o r s   may  be  v i s u a l i z e d   in  a  s i t u a t i o n   w h e r e   r a d i o a c t i v i t y  

is  a l s o   p r e s e n t   in  o t h e r   s i t e s   of  t he   b o d y ,   such   as  b l o o d ,  

o t h e r   body  f l u i d s   and  c e r t a i n   t i s s u e s ,   p a r t i c u l a r l y   h e a r t  

and  l i v e r ,   w h i c h   can  p r e v e n t   p r e c i s e   d i s c r i m i n a t i o n   of  t h e  

r a d i o a c t i v i t y   a s s o c i a t e d   w i t h   t he   s i t e s   of  t u m o r .   E a r l y  

c l i n i c a l   s t u d i e s   r e p o r t e d   by  R e i f   et  a l ,   J .  S u r g .  O n c o l . ,  

6,  133  ( 1 9 7 4 )   and  Mach  et  a l ,   E u r o p .  J .  C a n c e r ,   S u p p l .  1 ,  

113  ( 1 9 7 8 )   f a i l e d   to  show  t u m o r  l o c a l i z a t i o n   in  h u m a n s  

w i t h   r a d i o a c t i v e   a n t i - C E A   a n t i b o d i e s .  

G o l d e n b e r g   et  a l ,   in  an  a r t i c l e   in  the   New  E n g l a n d  

J o u r n a l  o f  M e d i c i n e ,   298,   1384  ( 1 9 7 8 ) ,   r e p o r t e d   s u c c e s s   i n  

c l i n i c a l   t r i a l s   of  t u m o r   d e t e c t i o n   and  l o c a l i z a t i o n   by  

s c i n t i l l a t i o n   s c a n n i n g   of  p a t i e n t s   r e c e i v i n g   r a d i o l a b e l e d  

a n t i b o d i e s   to  CEA.  In  t h a t   r e f e r e n c e ,   i t   was  n o t e d   t h a t  

t h e r e   was  a  p r o b l e m   in  b o t h   a n i m a l   and  human  s t u d i e s   i n  

d i s t i n g u i s h i n g   s p e c i f i c   r a d i o a n t i b o d y   a c t i v i t y   f rom  b l o o d -  

p o o l   b a c k g r o u n d   a c t i v i t y ,   and  t h a t   s p e c i a l   s c a n n e r   s u b t r a c -  

t i o n   t e c h n i q u e s   w i t h   o t h e r   r a d i o n u c l i d e s   were   c o n s i d e r e d  

e s s e n t i a l   f o r   u n e q u i v o c a l   t u m o r   l o c a l i z a t i o n   u s i n g   t h i s  

m e t h o d .   The  a n t i b o d y   p r e p a r a t i o n   used   in  the   r e f e r e n c e   w a s  

70%  i m m u n o r e a c t i v e   w i t h   CEA.  The  r e f e r e n c e   f u r t h e r   n o t e s  

t h a t   the   a b s e n c e   of  CEA  in  n o r m a l   h a m s t e r   t i s s u e s   p r e c l u d e s  

e x t r a p o l a t i o n   to  man,  in  whom  the   a n t i g e n   u s u a l l y   c i r c u l a t e s  

in  i n c r e a s e d   l e v e l s   in  p a t i e n t s   w i t h   c a n c e r ,   and  is  p r e s e n t  

in  l e s s e r   q u a n t i t i e s   in  c e r t a i n   n o r m a l   t i s s u e s .   The  s u b -  



t r a c t i o n   t echn ique   used  to  permit   l o c a l i z a t i o n   using  t h i s  

s c i n t i g r a p h i c   method  i nvo lved   i n j e c t i o n   of  T e - 9 9 m - p e r t e c h n e t a t e   and 

Tc-99m- labe led   human  serum  albumin  p r i o r   to  each  imaging  scan.  The 

data  ob ta ined   were  s t o r e d   in  a  min icompute r   capable   of  g e n e r a t i n g  

d i g i t a l   images  of  the  l a b e l e d   an t i body   a lone ,   the  Tc-99m  l a b e l e d  

s p e c i e s   t o g e t h e r ,   and  sums  and  d i f f e r e n c e s   of  these   v a r i o u s   v a l u e s .  

CEA  is  c o n s i d e r e d   to  be  p r i m a r i l y   a  c e l l - s u r f a c e   a n t i g e n ,   a s  

r e p o r t e d   by  Heyderman,  Scand.  J.  Immunol. ,   8.,   Suppl.   8,  119  ( 1 9 7 8 ) ,  

and  many  o t h e r s .   It   had  been  thought   t ha t   tumor  l o c a l i z a t i o n   in  man 

r e q u i r e d   a n t i b o d i e s   which  were  s p e c i f i c   to  a n t i g e n s   l o c a t e d   on  t h e  

s u r f a c e   of  the  tumor  c e l l ,   by  Spar,  Seminars   In  Nucl.  Med.,  6,  379 

(1976)  and  Emrich,  Deutsche  Med.  Woch.  Sch r . ,   104,  153  (1979).   I t   i s  

known  tha t   both  human  c h o r i o n i c   g o n a d o t r o p i n   (HCG)  and  a l p h a -  

f e t o p r o t e i n   (AFP)  are  c y t o p l a s m i c   i n t r a c e l l u l a r   t u m o r - a s s o c i a t e d  

s u b s t a n c e s ,   Heyderman,  supra ,   and  by  Lee  et  a l ,   Gu i l louzo   et  a l ,  

A l b r e c h t s e n   et  al  and  R u o s l a h t i   et  a l ,   in  Scand.  J.  Immunol.,   8 ,  

Supp.  8,  pp.  485ff ,   289f f ,   165ff   and  3ff ,   r e s p e c t i v e l y   ( 1 9 7 8 ) .  

Quinones  et  a l ,   J.  Nucl.  Med.,  12,  69  (1971)  d e m o n s t r a t e d  

tha t   a  human  c h o r i o c a r c i n o m a   grown  in  hams te r s   could  show  a  2 . 8 - f o l d  

i n c r e a s e d   uptake  of  r a d i o l a b e l e d   anti-HCG  antobody  in  the  tumor  a s  

compared  to  tha t   in  the  a n i m a l ' s   l i v e r .   However,  c o n t r o l   s t u d i e s  

with  l a b e l e d   normal  IgG  showed  s i m i l a r   i n c r e a s e d   tumor  uptake  t h r o u g h  

the  second  day  p o s t i n j e c t i o n .   Moreover,   the  a u t h o r s   s p e c i f i c a l l y  

s t a t e d   tha t   the  d i f f e r e n c e   in  uptake  of  r a d i o a n t i b o d y   over  l a b e l e d  

normal  IgG  found  by  t i s s u e   a n a l y s i s   in  days  3  and 4  was  not  o b s e r v e d  

by  t o t a l   body  p h o t o s c a n n i n g .   Hi ra i   et  a l ,   A b s t r a c t s   6th  In t .   Res .  

Group  for  Ca rc inoembryon ic   P r o t e i n s ,   Marberg /Lahn,   Fed.  Rep.  o f  

Germany,  17-21  S e p t . ,   1 9 7 8 , . r e p o r t e d   t ha t   a d m i n i s t r a t i o n   o f  

r a d i o l a b e l e d   ant i -AFP  a n t i b o d i e s   to  r o d e n t s   with  t r a n s p l a n t e d   human 

hepatoma,  and  with  r a t   and  human  yolk  sac  tumors,   r evea l ed   no  "homing 

in"  of  the  an t ibody   in  the  tumor  t i s s u e s .  

R a d i o a c t i v e   l a b e l e d   f r agments   o b t a i n e d   by  c leavage   of  a n t i b o d i e s  

s p e c i f i c   to  c a r d i a c   myosin  have  been  used  to  de te rmine   the  l o c a t i o n  

and  s ize   of  myoca rd i a l   i n f a r c t s ,   in  U.S.  Pa t en t   4 ,036 ,945   to  Haber .  

Tumor  r a d i o t h e r a p y   us ing  a n t i b o d i e s   has  been  sugges ted   by 

many,  and  an  i n d i c a t i o n   of  i t s   success   in  a  s i n g l e   m u l t i m o d a l  



t h e r a p e u t i c   c l i n i c a l   use  is  r epo r t ed  , by   Order,   R a d i o l . ,   118,  219 

(1976).  The  use  of  b o r o n - l a b e l e d   a n t i b o d i e s   in  the rapy   is  r e p o r t e d  

by  Hawthorne  et  a l . ,   J.  Med.  Chem.,  15,  449  (1972),   but  the  combined 

i n c o r p o r a t i o n   of  boron  for  the rapy   and  a  r a d i o i s o t o p e   f o r  

l o c a l i z a t i o n   is  not  s u g g e s t e d .  

Even  the  r ecen t   and  s u c c e s s f u l   tumor  l o c a l i z a t i o n   and 

d e t e c t i o n   p rocess   of  Goldenberg  et  a l ,   supra ,   has  c e r t a i n   d i s a d v a n t a g e s  

which  l i m i t   i t s   r e s o l u t i o n ,   i t s   e f f i c i e n c y   and  i t s   p r a c t i c a b i l i t y .  

U.S.  Pa ten t   3 ,927,193  t eaches   tha t   the  anti-CEA  an t ibody   should  n o t  

be  l abe l ed   to  a  degree  which  might  i n t e r f e r e   with  i t s   s p e c i f i c i t y ,   a 

l i m i t a t i o n   which  was  not  q u e s t i o n e d   in  the  l a t e r   r e f e r e n c e s   d i s c u s s e d  

above.  However,  t h i s   l i m i t s   the  r e s o l u t i o n   of  the  method  and 

r e q u i r e s   l a r g e r   q u a n t i t i e s   of  an t ibody   for  image  d e t e c t i o n .  

The  l abe l ed   a n t i b o d i e s   are  very  l a rge   molecu les   which  may 

also  car ry   c r o s s - r e a c t i v e   a n t i g e n i c   d e t e r m i n a n t s ,   and  i t   is  q u i t e  

d i f f i c u l t   to  reduce  c r o s s - r e a c t i v i t y   below  15%  and  to  a c h i e v e  

s p e c i f i c i t y   for  a  p a r t i c u l a r   a n t i g e n   of  h igher   than  70%.  The  s u b -  

t r a c t i o n   t echn ique   used  by  Goldenberg  et  al  i n v o l v e s   the  use  of  a 

d i f f e r e n t   r a d i o n u c l i d e   a t t a c h e d   to  a  c a r r i e r   having  k i n e t i c s   o f  

t r a n s p o r t   and  d i s t r i b u t i o n   d i f f e r e n t   from  the  l a b e l e d   s p e c i f i c  

an t ibody .   In  a d d i t i o n ,   the  b a c k g r o u n d - c o m p e n s a t i n g   m a t e r i a l   must  be 

i n j e c t e d   p r i o r   to  each  pho toscan ,   which  exposes  the  p a t i e n t   t o  

i n c r e a s e d   l e v e l s   of  r a d i o a c t i v i t y   and  d i s c o m f o r t .   A  f u r t h e r  

l i m i t a t i o n   of  the  p r i o r   a r t   methods  is  tha t   an t ibody   molecules   c a n n o t  

pass  the  b l o o d - b r a i n   b a r r i e r ,   which  means  tha t   i n t r a v e n o u s l y   i n j e c t e d  

a n t i b o d i e s   cannot   be  used  to  l o c a l i z e   i n t r a c r a n i a l   t u m o r s .  

A  need  c o n t i n u e s   to  e x i s t   for  methods  of  tumor  d e t e c t i o n  

and  l o c a l i z a t i o n   which  are  not  conf ined   to  the  use  of  a n t i b o d i e s   t o  

c e l l - s u r f a c e   a n t i g e n s ,   which  do  not  r e q u i r e   r epea t ed   i n j e c t i o n   o f  

b a c k g r o u n d - c o m p e n s a t i n g   m a t e r i a l   for  a  s u b t r a c t i o n   t e chn ique ,   which 

are  a d a p t a b l e   to  both  d i a g n o s i s   and  t he rapy ,   which  h a v e  h i g h  

r e l i a b i l i t y   and  high  r e s o l u t i o n ,   which  i d e a l l y   are  capable   o f  

d e t e c t i n g   and  l o c a t i n g   more  than  one  type  of  tumor  or  tumor  c e l l s  



using  a  s i n g l e   i n j e c t i o n ,   and  which  avoid  o ther   d i s a d v a n t a g e s   of  t h e  

p r io r   a r t   m e t h o d s .  

Objec ts   of  the  I n v e n t i o n  

A c c o r d i n g l y ,   i t   is  an  o b j e c t   of  the  p r e s e n t   i n v e n t i o n  

to  provide   methods  of  tumor  l o c a l i z a t i o n   and  d e t e c t i o n   which  a c h i e v e  

high  r e s o l u t i o n   w i thou t   the  n e c e s s i t y   of  r e p e a t e d   i n j e c t i o n   o f  

o ther   r a d i o a c t i v e   m a t e r i a l   for  c o m p u t e r - a s s i s t e d   s u b t r a c t i o n   o f  

background  a c t i v i t y .  

Another  o b j e c t i v e   of  the  p r e s e n t   i n v e n t i o n   is  t o  

provide   an  an t i body   for  tumor  d e t e c t i o n   and  l o c a l i z a t i o n   having  a  

high  s p e c i f i c   a c t i v i t y   and  a  high  s p e c i f i c i t y   for  CEA,  t h e r e b y  

improving  the  r e s o l u t i o n   of  s c i n t i g r a p h i c   tumor  l o c a l i z a t i o n   and 

d e t e c t i o n   m e t h o d s .  

I t   is  a  f u r t h e r   o b j e c t   of  the  p r e s e n t   i n v e n t i o n   t o  

provide   a  method  of  tumor  l o c a l i z a t i o n   and  d e t e c t i o n   w h i c h  

ach ieves   high  r e s o l u t i o n   and  which  uses  a n t i b o d i e s   to  i n t r a -  

c e l l u l a r   t u m o r - a s s o c i a t e d   marker  s u b s t a n c e s .  

Yet  ano the r   o b j e c t   of  the  p r e s e n t   i n v e n t i o n   is  t o  

provide   a n t i b o d y   f ragments   for  tumor  d e t e c t i o n   and  l o c a l i z a t i o n  

having  a  combina t i on   of  high  s p e c i f i c   a c t i v i t y   and  h i g h  

s p e c i f i c i t y   for  tumor  markers ,   t he reby   improving  the  r e s o l u t i o n  

of  s c i n t i g r a p h i c   tumor  l o c a l i z a t i o n   and  d e t e c t i o n   m e t h o d s .  

A  s t i l l   f u r t h e r   o b j e c t   of  the  i n v e n t i o n   is  to  p r o v i d e  

m u l t i v a l e n t   a n t i b o d y   f ragments   c o n t a i n i n g   in  c h e m i c a l  

combina t ion   f r agments   having  s p e c i f i c i t y   to  more  than  one 

type  of  t u m o r - a s s o c i a t e d   a n t i g e n   or  m a r k e r .  

S t i l l   ano the r   o b j e c t   of  the  p r e s e n t   i n v e n t i o n   is  t o  

provide   a  method  of  tumor  r a d i o t h e r a p y   wherein  a  r a d i o t h e r a -  

p e u t i c a l l y   e f f e c t i v e   r a d i o i s o t o p e   is  c o n c e n t r a t e d   at  t h e  



s i t e   of  t umor   g r o w t h   by  v i r t u e   of  i t s   a t t a c h m e n t   to  a n  

a n t i b o d y   or  a n t i b o d y   f r a g m e n t   w h i c h   is   h i g h l y   s p e c i f i c   t o  

a  t u m o r - a s s o c i a t e d   m a r k e r .  

Yet  a  f u r t h e r   o b j e c t   of  t h i s   i n v e n t i o n   is   to  p r o v i d e  

a  m e t h o d   of  t u m o r   t h e r a p y   w h e r e i n   t h e r m a l   n e u t r o n s   e x c i t e  

a  b o r o n - 1 0   i s o t o p e - c o n t a i n i n g   a n t i b o d y   or  a n t i b o d y   f r a g -  

ment  w h i c h   has  been   l o c a l i z e d   by  d e t e c t i o n   of  an  a t t a c h e d  

r a d i o i s o t o p e   l a b e l .  

Upon  f u r t h e r   s t u d y   of  t he   s p e c i f i c a t i o n   and  a p p e n d e d  

c l a i m s ,   f u r t h e r   o b j e c t s   and  a d v a n t a g e s   of  t h i s   i n v e n t i o n  

w i l l   become  a p p a r e n t   to  t h o s e   s k i l l e d   in  the   a r t .  

Summary  of  t he   I n v e n t i o n  

The  f o r e g o i n g   o b j e c t s   a r e   a c h i e v e d   by  p r o v i d i n g ,   i n  

a  m e t h o d   f o r   d e t e r m i n i n g   the   l o c a t i o n   of  a  t u m o r   w h i c h  

e i t h e r   p r o d u c e s   or  is   a s s o c i a t e d   w i t h   c a r c i n o e m b r y o n i c  

a n t i g e n   (CEA),   w h i c h   c o m p r i s e s   i n j e c t i n g   a  s u b j e c t  

p a r e n t e r a l l y   w i t h   an  a n t i b o d y   s p e c i f i c   to  CEA  and  r a d i o -  

l a b e l e d   w i t h   a  p h a r m a c o l o g i c a l l y   i n e r t   r a d i o i s o t o p e   c a p a b l e  

of  d e t e c t i o n   u s i n g   a  p h o t o s c a n n i n g   d e v i c e   and  s u b s e q u e n t l y  

s c a n n i n g   the   s u b j e c t   w i t h   s a i d   d e v i c e   to  d e t e r m i n e   t h e  

l o c a t i o n   of  the   r e s u l t a n t   u p t a k e   of  s a i d   a n t i b o d y   by  s a i d  

t u m o r ;   the   i m p r o v e m e n t   w h i c h   c o m p r i s e s   c o n c u r r e n t l y   i n j e c t -  

ing  s a i d   s u b j e c t   w i t h   n o r m a l   i m m u n o g l o b u l i n   f rom  the   s a m e  

or  d i f f e r e n t   s p e c i e s   as  t h a t   u sed   to  p r e p a r e   s a i d   s p e c i f i c  

a n t i b o d y ,   s a i d   n o r m a l   i m m u n o g l o b u l i n   b e i n g   r a d i o l a b e l e d  

w i t h   a  d i f f e r e n t   r a d i o i s o t o p e   of  the   same  e l e m e n t   u s e d   t o  

l a b e l   the   s p e c i f i c   a n t i b o d y   and  e m i t t i n g   at  an  e n e r g y  

c a p a b l e   of  i n d e p e n d e n t   d e t e c t i o n   u s i n g   s a i d   p h o t o s c a n n i n g  

d e v i c e ,   the   l e v e l   of  a c t i v i t y   of  the   l a b e l e d   n o r m a l  

i m m u n o g l o b u l i n   b e i n g   u s e d   to  d e t e r m i n e   the   d i s t r i b u t i o n  

of  b a c k g r o u n d   a c t i v i t y   due  to  n o n - t a r g e t e d   s p e c i f i c  

a n t i b o d y ,   s a i d   d i s t r i b u t i o n   b e i n g   s u b t r a c t e d   from  t h e  

t o t a l   a c t i v i t y   of  s p e c i f i c   a n t i b o d y   w h e r e b y   the   a c t i v i t y  

of  s u b s t a n t i a l l y   o n l y   the   t a r g e t e d   t u m o r - a s s o c i a t e d  



a n t i b o d y   is   d e t e r m i n e d .  

The  i n v e n t i o n   f u r t h e r   p r o v i d e s   an  i m p r o v e m e n t   i n  

t h e   f o r e g o i n g   g e n e r a l   m e t h o d   w h i c h   c o m p r i s e s   u s i n g   a s  

s a i d   a n t i - C E A   a n t i b o d y   a  s u b s t a n t i a l l y   m o n o s p e c i f i c  

a n t i b o d y   h a v i n g   a  C E A - s p e c i f i c   i m m u n o r e a c t i v i t y   p r i o r  

to  l a b e l i n g   of  a t   l e a s t   70%  and  a  c r o s s - r e a c t i v i t y   t o  

o t h e r   a n t i g e n s   of   l e s s   t h a n   15%,  s a i d   a n t i b o d y   b e i n g  

r a d i o l a b e l e d   to  an  e x t e n t   s u f f i c i e n t   to  r e d u c e   i t s   CEA- 

s p e c i f i c   i m m u n o r e a c t i v i t y   by  f rom  5  to  33%.  

In  a d d i t i o n ,   t he   i n v e n t i o n   p r o v i d e s   a  m e t h o d   f o r  

d e t e c t i n g   and  l o c a l i z i n g   a  t u m o r   w h i c h   e i t h e r   p r o d u c e s   o r  

i s   a s s o c i a t e d   w i t h   an  i n t r a c e l l u l a r   m a r k e r   s u b s t a n c e ,  

w h i n h   c o m p r i s e s   i n j e c t i n g   a  s u b j e c t   p a r e n t e r a l l y   w i t h   a n  

a n t i b o d y   s p e c i f i c   to  s a i d   m a r k e r   s u b s t a n c e   and  r a d i o -  

l a b e l e d   w i t h   a  p h a r m a c o l o g i c a l l y   i n e r t   r a d i o i s o t o p e  

c a p a b l e   of  d e t e c t i o n   u s i n g   a  p h o t o s c a n n i n g   d e v i c e ,   a n d  

s u b s e q u e n t l y   s c a n n i n g   w i t h   s a i d   d e v i c e   to  d e t e c t   a n d  

l o c a t e   t h e   s i t e   or  s i t e s   of  u p t a k e   of  s a i d   l a b e l e d  

a n t i b o d y   by  s a i d   t u m o r .  

A  m e t h o d   i s   a l s o   p r o v i d e d   f o r   d e t e c t i n g   and  l o c a l i z -  

i ng   a  t u m o r   w h i c h   e i t h e r   p r o d u c e s   or  i s   a s s o c i a t e d   w i t h   a  

c y t o p l a s m i c ,   i n t r a c e l l u l a r   or  c e l l - s u r f a c e   m a r k e r   s u b s t a n c e ,  

w h i c h   c o m p r i s e s   i n j e c t i n g   a  s u b j e c t   p a r e n t e r a l l y   w i t h   a t  

l e a s t   one  m a r k e r - s p e c i f i c   f r a g m e n t   o b t a i n e d   by  c l e a v a g e  

of  an  a n t i b o d y   s p e c i f i c   to  s a i d   m a r k e r   s u b s t a n c e   a n d  

r a d i o l a b e l e d   w i t h   a  p h a r m a c o l o g i c a l l y   i n e r t   r a d i o i s o t o p e  

c a p a b l e   of   d e t e c t i o n  u s i n g   a  p h o t o s c a n n i n g   d e v i c e ,   a n d  

s u b s e q u e n t l y   s c a n n i n g   w i t h   s a i d   d e v i c e   to  d e t e c t   a n d  

l o c a t e   t h e   s i t e   or  s i t e s   of  u p t a k e   of  s a i d   l a b e l e d  

a n t i b o d y   f r a g m e n t   by  s a i d   t u m o r .  

The  i n v e n t i o n   a l s o   p r o v i d e s   a  m e t h o d   f o r   d e t e c t i n g  

and  l o c a l i z i n g   a t   l e a s t   one  t y p e   of  t u m o r   w h i c h   e i t h e r  

p r o d u c e s   or  i s   a s s o c i a t e d   w i t h   a t   l e a s t   one  c y t o p l a s m i c ,  

i n t r a c e l l u l a r   or  c e l l - s u r f a c e   m a r k e r   s u b s t a n c e ,   w h i c h  

c o m p r i s e s   i n j e c t i n g   a  s u b j e c t   p a r e n t e r a l l y   w i t h   a  



m u l t i v a l e n t   h y b r i d   c o n t a i n i n g   in  c h e m i c a l   c o m b i n a t i o n   a t  

l e a s t   one  m a r k e r - s p e c i f i c   f r a g m e n t   o b t a i n e d   by  c l e a v a g e  

of  an  a n t i b o d y   s p e c i f i c   to  a  f i r s t   t u m o r - a s s o c i a t e d  

m a r k e r   and  at   l e a s t   a  s e c o n d ,   d i f f e r e n t   m a r k e r - s p e c i f i c  

f r a g m e n t   o b t a i n e d   by  c l e a v a g e   of  an  a n t i b o d y   s p e c i f i c   t o  

the   same  or  d i f f e r e n t   t u m o r - a s s o c i a t e d   m a r k e r ,   s a i d  

h y b r i d   b e i n g   r a d i o l a b e l e d   w i t h   a  p h a r m a c o l o g i c a l l y   i n e r t  

r a d i o i s o t o p e   c a p a b l e   of  d e t e c t i o n   u s i n g   a  p h o t o s c a n n i n g  

d e v i c e ,   and  s u b s e q u e n t l y   s c a n n i n g   w i t h   s a i d   d e v i c e   t o  

d e t e c t   and  l o c a t e   the   s i t e   or  s i t e s   of  u p t a k e   of  s a i d  

l a b e l e d   h y b r i d   by  s a i d   a t   l e a s t   one  t y p e   of  t u m o r .  

A n t i b o d i e s   and  i n j e c t a b l e   c o m p o s i t i o n s   s u i t a b l e   f o r  

use  in  the   f o r e g o i n g   m e t h o d s   a r e   p r o v i d e d ,   as  a r e   m e t h o d s  

of  t umor   r a d i o t h e r a p y   u s i n g   r a d i o l a b e l e d   m a r k e r - s p e c i f i c  

t u m o r - a s s o c i a t e d   a n t i b o d i e s   or  a n t i b o d y   f r a g m e n t s .  

D e t a i l e d   D i s c u s s i o n  

The  a n t i b o d i e s   u s e d   in  the   p r e s e n t   i n v e n t i o n   a r e  

s p e c i f i c   to  a  v a r i e t y   of  t u m o r - a s s o c i a t e d   a n t i g e n s   o r  

m a r k e r   s u b s t a n c e s ,   w h i l e   the   m a r k e r - s p e c i f i c   a n t i b o d y  

f r a g m e n t s   u s e d   in  t he   m e t h o d   of  t he   p r e s e n t   i n v e n t i o n   a r e  

p r o d u c e d   by  c l e a v a g e   of  such   s p e c i f i c   a n t i b o d i e s .   The  

m a r k e r s   may  be  s u b s t a n c e s   p r o d u c e d   by  t he   t u m o r ,   s u b s t a n c e s  

wh ich   a c c u m u l a t e   w i t h i n   t u m o r   c e l l s ,   w h e t h e r   in  t h e  

c y t o p l a s m ,   t he   n u c l e u s   or  in  v a r i o u s   o r g a n e l l e s   or  s u b -  

c e l l u l a r   s t r u c t u r e s ,   or  s u b s t a n c e s   w h i c h   a c c u m u l a t e   on  o r  

a r o u n d   t u m o r   c e l l s .   They  may  be  i n t r a c e l l u l a r ,   c e l l  

s u r f a c e   or  c y t o p l a s m i c   m a r k e r s .   Among  s u c h   t u m o r - a s s o c i a t e d  

m a r k e r s   a r e   t h o s e   d i s c l o s e d   by  H e r b e r m a n ,   " I m m u n o d i a g n o s i s  

of  C a n c e r " ,   in  F l e i s h e r ,   E d . ,   "The  C l i n i c a l   B i o c h e m i s t r y  

of  C a n c e r " ,   page   347  (Am.  A s s n .   C l i n .   Chem.  1979)   and  i n  

U.S.   P a t e n t   4 , 1 5 0 , 1 4 9   to  W o l f s e n   et  a l .  

T u m o r - a s s o c i a t e d   m a r k e r s   have  been  c a t e g o r i z e d   by  

H e r b e r m a n ,   s u p r a ,   in  a  n u m b e r   of  c a t e g o r i e s   i n c l u d i n g  

o n c o f e t a l   a n t i g e n s ,   p l a c e n t a l   a n t i g e n s ,   o n c o g e n i c   o r  



t umor   v i r u s - a s s o c i a t e d   a n t i g e n s , ,   t i s s u e - a s s o c i a t e d   a n t i g e n s ,  

o r g a n - a s s o c i a t e d   a n t i g e n s ,   e c t o p i c   h o r m o n e s   and  n o r m a l  

a n t i g e n s   or  v a r i a n t s   t h e r e o f .   O c c a s i o n a l l y ,   a  s u b - u n i t  

of  a  t u m o r - a s s o c i a t e d   m a r k e r   i s   a d v a n t a g e o u s l y   u s e d   t o  

r a i s e   a n t i b o d i e s   h a v i n g   h i g h e r   t u m o r - s p e c i f i c i t y ,   e . g . ,  
t he   b e t a - s u b u n i t   of  human  c h o r i o n i c   g o n a d o t r o p i n   ( H C G ) ,  

w h i c h   s t i m u l a t e s   t he   p r o d u c t i o n   of  a n t i b o d i e s   h a v i n g   a  

g r e a t l y   r e d u c e d   c r o s s - r e a c t i v i t y   to  n o n - t u m o r   s u b s t a n c e s .  

S u i t a b l e   s u c h   m a r k e r   s u b s t a n c e s   to  w h i c h   s p e c i f i c   a n t i -  

b o d i e s   may  be  r a i s e d   w h i c h   a r e   u s e f u l   in  t h e   p r e s e n t  

i n v e n t i o n   i n c l u d e ,   bu t   a r e   no t   l i m i t e d   t o ,   a l p h a -  

f e t o p r o t e i n   ( A F P ) ,   human  c h o r i o n i c   g o n a d o t r o p i n   (HCG) 

a n d / o r   i t s   b e t a - s u b u n i t   ( H C G - b e t a ) ,   c o l o n - s p e c i f i c  

a n t i g e n - p   ( C S A p ) ,   c a r c i n o e m b r y o n i c   a n t i g e n   (CEA),  p r o s t a t i c  

a c i d   p h o s p h a t a s e ,   p a n c r e a t i c   o n c o f e t a l   a n t i g e n ,   p l a c e n t a l  

a l k a l i n e   p h o s p h a t a s e ,   p r e g n a n c y   b e t a l - g l o b u l i n ,   p a r a t h o r m o n e ,  

c a l c i t o n i n ,   t i s s u e ,  p o l y p e p t i d e   a n t i g e n ,   T - a n t i g e n ,   b e t a 2 -  

m i c r o g l o b u l i n ,   mammary  t u m o r - a s s o c i a t e d   g l y c o p r o t e i n s  

(MTGP),  g a l a c t o s y l   t r a n s f e r a s e - I I ( G T - I I ) ,   g p - 5 2   v i r a l -  

a s s o c i a t e d   a n t i g e n ,   o v a r i a n   c y s t a d e n o c a r c i n o m a - a s s o c i a t e d  

a n t i g e n   (OCAA),  o v a r i a n   t u m o r - s p e c i f i c   a n t i g e n   ( O C A ) ,  

c e r v i c a l   c a n c e r   a n t i g e n s   ( C A - 5 8 ,   CCA,  T A - 4 ) ,   b a s i c   f e t o -  

p r o t e i n   ( B F P ) ,   t e r m i n a l   d e o x y n u c l e o t i d y l   t r a n s f e r a s e  

( T d T ) ,   c y t o p l a s m i c   m e l a n o m a - a s s o c i a t e d   a n t i g e n s ,   h u m a n  

a s t r o c y t o m a - a s s o c i a t e d   a n t i g e n   (HAAA),  common  g l i o m a  

a n t i g e n   (CGA),   g l i o e m b r y o n i c   a n t i g e n   (GEA),   g l i a l  

f i b r i l l a r y   a c i d i c   p r o t e i n   (GFA) ,   common  m e n i n g i o m a   a n t i g e n  

(CMA)  and  t u m o r   a n g i o g e n e s i s   f a c t o r   ( T A F ) .  

M a r k e r - s p e c i f i c   a n t i b o d i e s  m a y   be  p r o d u c e d   by  c o n v e n -  

t i o n a l   m e t h o d s   w e l l   known  in  t h e   a r t .   N o r m a l l y ,   an  a n i m a l ,  

p r e f e r a b l y   a  r o d e n t ,   a  r a b b i t ,   or  more  p r e f e r a b l y   a  g o a t  

or  p r i m a t e ,   i s   c h a l l e n g e d   w i t h   a  t u m o r - a s s o c i a t e d   m a r k e r  

s u b s t a n c e ,   to  w h i c h   i t s   immune  s y s t e m   r e a c t s   by  p r o d u c i n g  

s p e c i f i c   a n t i b o d i e s   to  t h e s e   m a r k e r s .   The  a n i m a l   i s  

b l e d ,   t he   i m m u n o g l o b u l i n   f r a c t i o n   of  t he   b l o o d   i s  



i s o l a t e d ,   and  the  s p e c i f i c   immunoglobul in   i s o l a t e d   by  a  v a r i e t y   o f  

c o n v e n t i o n a l   s e p a r a t i o n   t e c h n i q u e s ,   p r e f e r a b l y   i n c l u d i n g   one  or  more 

a f f i n i t y   chromotography  p u r i f i c a t i o n   s t eps .   S u i t a b l e   such  g e n e r a l  

methods  for  r a i s i n g   a n t i b o d i e s   s p e c i f i c   to  t u m o r - a s s o c i a t e d   m a r k e r  

s u b s t a n c e s   are  d i s c l o s e d   i n t e r   a l i a   in  "Immunodiagnosis   of  C a n c e r " ,  

Herberman  et  al,   Eds.  (Marcel  Dekker,  I n c . ,   New  York  and  Basel ,   1979)  

and  "Tumor  Markers" ,   Se l l ,   Ed.  (Humana  Press ,   C l i f t o n ,   N . J . ,   1 9 8 0 ) .  

An t ibod ies   s p e c i f i c   to  CEA  may  be  produced  by  a  v a r i e t y   o f  

methods  known  in  the  a r t ,   as  r e p o r t e d   i n t e r   a l i a   in  Primus  e t  a l ,  

J.  Immunol.,  118,  55  (1977);   Goldenberg  et  al,   supra;   Primus  et  a l ,  

Cancer  Res.,   37,  1544  (1977);   and  Goldenberg  et  a l ,   in  " I m m u n o d i a g n o s i s  

of  Cancer,  Part   I",  Herberman  et  al ,   Eds. ,   pages  265-304  (Marce l  

Dekker,  Inc . ,   New  York  &  Basel ,   1 9 7 9 ) .  

An t ibod ie s   produced  by  the  f o r e g o i n g   c o n v e n t i o n a l   t e c h n i q u e s  

are  normal ly   mix tu res   of  a n t i b o d i e s ,   a  c e r t a i n   p r o p o r t i o n   of  which  

are  s p e c i f i c   but  g e n e r a l l y   c o n t a i n i n g   a  v a r i a b l e   p r o p o r t i o n   of  a n t i -  

bodies  which  are  c r o s s - r e a c t i v e   with  non-tumor  a s s o c i a t e d   or  o t h e r  

a n t i g e n s .   An t ibod ies   p u r i f i e d   by  r e p e a t e d   a f f i n i t y   c h r o m a t o g r a p h y  

using  bound  a n t i g e n s   with  which  some  components  of  the  a n t i b o d y  

mixture   are  c r o s s - r e a c t i v e ,   as  well  as  passage  through  a  column 

c o n t a i n i n g   bound  p u r i f i e d   a n t i g e n ,   have  a  high  s p e c i f i c   i m m u n o r e a c t i v i t y ,  

o f ten   approach ing   or  even  exceed ing   70%,  and  a  c r o s s - r e a c t i v i t y   w i t h  

non-tumor  a s s o c i a t e d   a n t i g e n s   or  o ther   a n t i g e n s   of  l ess   than  15%. 

These  a n t i b o d i e s   are  c o n s i d e r e d   s u b s t a n t i a l l y   monospec i f i c   to  t h e  

an t igen   to  which  they  have  been  r a i s e d ,   and  are  p r e f e r a b l y   used  i n  

the  p r e sen t   i n v e n t i o n .  

It  is  p a r t i c u l a r l y   advan tageous   to  use  a n t i b o d i e s   having  a 

high  m a r k e r - s p e c i f i c   i m m u n o r e a c t i v i t y   for  tumor  l o c a l i z a t i o n .   High 

s p e c i f i c i t y   means  tha t   a  high  p r o p o r t i o n   of  the  l abe l ed   an t ibody   w i l l  

be  t a r g e t e d   at  tumor  s i t e s   and  a  small  p r o p o r t i o n   wil l   be  d i s t r i b u t e d  

in  a  n o n - t a r g e t e d   manner.  A  smal le r   q u a n t i t y   of  l abe led   a n t i b o d y  



can  t h e r e f o r e   be  u s e d ,   r e d u c i n g   t h e   s u b j e c t ' s   e x p o s u r e   t o  

r a d i a t i o n ,   and  t h e   l o w e r   l e v e l   of  b a c k g r o u n d   r a d i a t i o n  

due  to  n o n - t a r g e t e d   a n t i b o d y   w i l l   i m p r o v e   r e s o l u t i o n .  

T h i s   in  t u r n   means   t h a t   s m a l l e r   t u m o r s   may  be  d e t e c t e d  

t h a t   a r e   o f t e n   d i f f i c u l t   or  i m p o s s i b l e   to  d e t e c t   by  a n y  

o t h e r   p r o c e d u r e .  

H i g h l y   s p e c i f i c   m o n o c l o n a l   a n t i b o d i e s   can  be  p r o d u c e d  

by  h y b r i d i z a t i o n   t e c h n i q u e s .   Such  a n t i b o d i e s   n o r m a l l y  

r e q u i r e   l i t t l e   or  no  p u r i f i c a t i o n   and  n o r m a l l y   h a v e   a  

s p e c i f i c   i m m u n o r e a c t i v i t y   of   a t   l e a s t   75%,  w i t h   s p e c i f i c i t i e s  

of  more  t h a n   95%  in  c e r t a i n   c a s e s .   Such  m o n o c l o n a l ,  

h y b r i d o m a - d e r i v e d   a n t i b o d i e s   a r e   a l s o   p r e f e r r e d   f o r   u s e  

in  the   p r e s e n t   i n v e n t i o n .   In  a  p r e f e r r e d   e m b o d i m e n t ,  

m o n o c l o n a l   a n t i b o d i e s   a r e   p r o d u c e d   by  c h a l l e n g i n g   a  m o n k e y  

w i t h   a  p u r i f i e d   t u m o r - a s s o c i a t e d   m a r k e r ,   f u s i n g   a n t i b o d y -  

p r o d u c i n g   m o n k e y   l y m p h   or  s p l e e n   c e l l s   w i t h   human  o r  

mouse  m y e l o m a   c e l l s   to  p r o d u c e   h y b r i d   c e l l s   w h i c h   a r e  

t h e n   i s o l a t e d ,   c l o n e d   and  s e l e c t e d   f o r   t h e i r   a b i l i t y  

to  p r o d u c e   m o n o c l o n a l   a n t i b o d i e s   s p e c i f i c   to  s a i d   m a r k e r  

s u b s t a n c e .  

M o n o c l o n a l   a n t i b o d i e s   f rom  t he   i m m u n o g l o b u l i n   G ( I g G )  

f r a c t i o n   a r e   o b t a i n e d   by  t h e   p r e s e n t   m e t h o d ,   and  a r e   u s e d  

to  p r e p a r e   t h e   f r a g m e n t s   u s e d   f o r   t u m o r   d e t e c t i o n ,   l o c a l i z a -  

t i o n   and  t h e r a p y   a c c o r d i n g   to  t h i s   i n v e n t i o n .   The  IgM 

m o n o c l o n a l   a n t i b o d i e s   of  K o p r o w s k i ,   U .S .   P a t e n t   4 , 1 7 2 , 1 2 4 ,  

a r e   u n s u i t a b l e   f o r   use   in  t h e   p r e s e n t   m e t h o d .  

I t   i s   known  t h a t   a n t i b o d y   f r a g m e n t s   may  be  p r o d u c e d  

by  e n z y m a t i c   c l e a v a g e   of   a n t i b o d i e s   w i t h   p e p s i n   to  p r o v i d e  

a  5S  f r a g m e n t   d e n o t e d   F ( a b ' ) 2 .   T h i s   f r a g m e n t   can  be  f u r t h e r  

c l e a v e d   u s i n g   a  t h i o l   r e d u c i n g   a g e n t ,   and  o p t i o n a l l y   a 

b l o c k i n g   g r o u p   f o r   t h e   s u l f h y d r y l   g r o u p s   r e s u l t i n g   f r o m  

c l e a v a g e   of   d i s u l f i d e   l i n k a g e s ,   to  p r o d u c e   3 . 5 S   F a b '  

m o n o v a l e n t   f r a g m e n t s .   A l t e r n a t i v e l y ,   an  e n z y m a t i c  

c l e a v a g e   u s i n g   p a p a i n   p r o d u c e s   two  m o n o v a l e n t   Fab  f r a g m e n t s  

and  an  Fc  f r a g m e n t   d i r e c t l y .   T h e s e   m e t h o d s   a r e   d e s c r i b e d  



i n t e r   a l i a   in  U.S.   P a t e n t   4 , 0 3 6 , 9 4 5   and  r e f e r e n c e s   c o n -  

t a i n e d   t h e r e i n ,   and  in  N i s o n o f f   et  a l ,   A r c h .  B i o c h e m .  

B i o p h y s . ,   89,  230  ( 1 9 6 0 ) ;   P o r t e r ,   B i o c h e m .  J . ,   73,  1 1 9  

( 1 9 5 9 ) ;   and  E d e l m a n   et  a l ,   in  " M e t h o d s   in  I m m u n o l o g y   a n d  

I m m u n o c h e m i s t r y " ,   V o l .  1 ,   422  ( A c a d .   P r e s s ,   1 9 6 7 ) .  

O t h e r   m e t h o d s   of  c l e a v i n g   a n t i b o d i e s ,   such   a s  

f u r t h e r   c l e a v a g e   of  Fab  f r a g m e n t s   or  by  the   use  of  o t h e r  

e n z y m a t i c   or  c h e m i c a l   t e c h n i q u e s   may  a l s o   be  u s e d .   O n l y  

f r a g m e n t s   w h i c h   r e t a i n   s p e c i f i c i t y   to  the   t u m o r - a s s o c i a t e d  

m a r k e r   a g a i n s t   w h i c h   t h e i r   p a r e n t   a n t i b o d i e s   a r e   r a i s e d  

a r e   used   in  the   p r e s e n t   m e t h o d .  

H y b r i d   a n t i b o d y   f r a g m e n t s   have   been   p r e p a r e d   by  

o x i d a t i v e   l i n k a g e   of  Fab '   f r a g m e n t s   r e s u l t i n g   f rom  r e d u c t i v e  

c l e a v a g e   of  d i f f e r e n t   a n t i b o d i e s .   A  p o r t i o n   of  t h e s e   w i l l  

c o n t a i n   f r a g m e n t s   s p e c i f i c   to  b o t h   of  t he   a n t i g e n s   t o  

w h i c h   the   o r i g i n a l   a n t i b o d i e s   were   r a i s e d .   T h i s   i s  

a d v a n t a g e o u s l y   c a r r i e d   ou t   by  m i x i n g   two  d i f f e r e n t   F ( a b l ) 2  

f r a g m e n t s   p r o d u c e d   by  p e p s i n   d i g e s t i o n   of  two  d i f f e r e n t  

a n t i b o d i e s ,   r e d u c t i v e   c l e a v a g e   to  form  a  m i x t u r e   of  F a b '  

f r a g m e n t s ,   f o l l o w e d   by  o x i d a t i v e   r e f o r m a t i o n   of  t h e  

d i s u l f i d e   l i n k a g e s   to  p r o d u c e   a  m i x t u r e   of  F ( a b l ) 2   f r a g -  

m e n t s   i n c l u d i n g   h y b r i d   f r a g m e n t s   c o n t a i n i n g   an  F a b '  

p o r t i o n   s p e c i f i c   to  e a c h   of  the   o r i g i n a l   a n t i g e n s .   M e t h o d s  

of  p r e p a r i n g   such   h y b r i d   a n t i b o d y   f r a g m e n t s   a re   d i s c l o s e d  

in  F e t e a n u ,   " L a b e l e d   A n t i b o d i e s   in  B i o l o g y   and  M e d i c i n e "  

p a g e s   3 2 1 - 3 2 3   ( M c G r a w - H i l l   I n t .   Bk.  Co . ,   New  York  et  a l ,  

1 9 7 8 ) ;   N i s o n o f f   et  a l ,   A r c h  B i o c h e m .  B i o p h y s . ,   93,  4 7 0  

( 1 9 6 1 ) ;   and  H a m m e r l i n g   et  a l ,   J.  Exp.  Med . ,   128,   1 4 6 1  

( 1 9 6 8 ) .  

In  the   f o l l o w i n g   d i s c u s s i o n ,   the   t e r m   " a n t i b o d y "  

w i l l   e m b r a c e   a n t i b o d i e s   and  a n t i b o d y   f r a g m e n t s   as  d i s c l o s e d  

h e r e i n a b o v e ,   u n l e s s   o t h e r w i s e   i n d i c a t e d .  

A n t i b o d i e s   may  be  l a b e l e d   by  any  of  s e v e r a l   t e c h -  

n i q u e s   known  to  the   a r t .   A  wide  r a n g e   of  l a b e l i n g  

t e c h n i q u e s   a re   d i s c l o s e d   in  F e t e a n u ,   " L a b e l e d   A n t i b o d i e s  

in  B i o l o g y   and  M e d i c i n e " ,   p a g e s   2 1 4 - 3 0 9   ( M c G r a w - H i l l   I n t .  



Book  Co . ,   New  York  et   a l ,   1 9 7 8 ) .   t he   i n t r o d u c t i o n   o f  

v a r i o u s   m e t a l   r a d i o i s o t o p e s   may  be  a c c o m p l i s h e d   a c c o r d i n g  

to  t he   p r o c e d u r e s   of  W a g n e r   et   a l . ,   J.  N u c l .   M e d . ,   2 0 ,  

428  ( 1 9 7 9 ) ;   S u n d b e r g   et   a l ,   J .  M e d .  C h e m . ,   17,  1304  ( 1 9 7 4 ) ;  

and  Saha   e t   a l ,   J.  N u c l .   M e d . ,   6,  542  ( 1 9 7 6 ) .   The  f o r e g o i n g  

a r e   m e r e l y   i l l u s t r a t i v e   of  t h e   many  m e t h o d s   of  r a d i o l a b e l i n g  

p r o t e i n s   known  to  t h e   a r t .  

Among  t h e   r a d i o i s o t o p e s   u s e d ,   g a m m a - e m i t t e r s ,   p o s i -  

t r o n - e m i t t e r s ,   x - r a y - e m i t t e r s   and  f l u o r e s c e n c e - e m i t t e r s  

a r e   s u i t a b l e   f o r   l o c a l i z a t i o n   a n d / o r   t h e r a p y ,   w h i l e   b e t a -  

e m i t t e r s   and  a l p h a - e m i t t e r s   may  a l s o   be  u s e d   f o r   t h e r a p y .  

S u i t a b l e   r a d i o i s o t o p e s   f o r   l a b e l i n g   a n t i b o d i e s   i n c l u d e  

I o d i n c .  1 3 1 ,   I o d i n e - 1 2 3 ,   I o d i n e - 1 2 6 ,   I o d i n e - 1 3 3 ,   B r o m i n e -  

77,  I n d i u m - 1 1 1 ,   I n d i u m - 1 1 3 m ,   G a l l i u m - 6 7 ,   G a l l i u m - 6 8 ,  

R u t h e n i u m - 9 5 ,   R u t h e n i u m - 9 7 ,   R u t h e n i u m - 1 0 3 ,   R u t h e n i u m - 1 0 5 ,  

M e r c u r y   197 ,   M e r c u r y - 2 0 3 ,   R h e n i u m - 9 9 m ,   R h e n i u m - 1 0 5 ,  

R h e n i u m - 1 0 1 ,   T e l l u r i u m - 1 2 1 m ,   T e l l u r i u m - l 1 2 m ,   T e l l u r i u m -  

125m,  T h u l i u m - 1 6 5 ,   T h u l i u m - 1 6 7 ,   T h u l i u m - 1 6 8 ,   T e c h n e t i u m -  

99m  and  F l u o r i n e - 1 8 .   The  h a l o g e n s   can   be  u s e d   more  o r  

l e s s   i n t e r c h a n g e a b l y   as  l a b e l s   s i n c e   h a l o g e n - l a b e l e d  

a n t i b o d i e s   or  f r a g m e n t s   a n d / o r   n o r m a l   i m m u n o g l o b u l i n s   o r  

t h e   c o r r e s p o n d i n g   f r a g m e n t s   w o u l d   h a v e   s u b s t a n t i a l l y   t h e  

same  k i n e t i c s   and  d i s t r i b u t i o n   and  s i m i l a r   m e t a b o l i s m .  

A  p r e f e r r e d   t e c h n i q u e   f o r   l a b e l i n g   a n t i b o d i e s   i n v o l v e s  

l a b e l i n g   w i t h   e i t h e r   I o d i n e - 1 3 1   ( 1 - 1 3 1 )   or  I o d i n e - 1 2 3   ( I -  

123)   u s i n g   an  o x i d a t i v e   p r o c e d u r e   w h e r e i n   a  m i x t u r e   o f  

r a d i o a c t i v e   p o t a s s i u m   or  s o d i u m   i o d i d e   and  t h e   a n t i b o d y  

i s   t r e a t e d   w i t h   c h l o r a m i n e - T ,   e . g . ,   as  r e p o r t e d   by  G r e e n w o o d  

et   a l ,   B i o c h e m .  J . ,   89,  114  ( 1 9 6 3 )   and  m o d i f i e d   by  M c C o n a h e y  

et   a l ,   I n t .   A r c h .   A l l e r g y   App l .   I m m u n o l . ,   29,  185  ( 1 9 6 9 ) .  

T h i s   r e s u l t s   in  d i r e c t   s u b s t i t u t i o n   of  i o d i n e   a t o m s   f o r  

h y d r o g e n   a t o m s   on  t h e   a n t i b o d y   m o l e c u l e ,   p r e s u m a b l y   o n  

t y r o s i n e   r e s i d u e s ,   p o s s i b l y   a l s o   on  t r y p t o p h a n   and  e v e n  

on  p h e n y l a l a n i n e   r e s i d u e s ,   d e p e n d i n g   on  t h e   p r o p o r t i o n s  

of  r e a g e n t s   and  t he   r e a c t i o n   c o n d i t i o n s .  



In  g e n e r a l ,   i t   is  d e s i r a b l e   to  i n t r o d u c e   as  h i g h   a 

p r o p o r t i o n   of  r a d i o l a b e l   as  p o s s i b l e   i n t o   the   a n t i b o d y  

m o l e c u l e   w i t h o u t   d e s t r o y i n g   i t s   i m m u n o s p e c i f i c i t y .   W h i l e  

the   v a s t   m a j o r i t y   of  i n v e s t i g a t o r s   had  c o n s i d e r e d   t h a t  

i n t r o d u c t i o n   by  d i r e c t   s u b s t i t u t i o n   of  more  t h a n   f rom  1 . 5  

to  2  i o d i n e   a t o m s   per   a n t i b o d y   m o l e c u l e   is  d i s a d v a n t a g e o u s ,  

i t   has  now  been  f o u n d   t h a t   the   i n t r o d u c t i o n   by  d i r e c t  

s u b s t i t u t i o n   of  at   l e a s t   2 .5   and  p r e f e r a b l y   an  a v e r a g e   o f  

f rom  5  to  10  i o d i n e   a t oms   pe r   a n t i b o d y   m o l e c u l e   is   a d v a n -  

t a g e o u s ,   e s p e c i a l l y   where   t he   a n t i b o d y   is   h i g h l y   m a r k e r -  

s p e c i f i c   p r i o r   to  l a b e l i n g .   In  t h i s   c a s e ,   even   a 

r e d u c t i o n   of  t he   a n t i b o d y   s p e c i f i c i t y   of  from  5  to  33%  a s  

a  c o n s e q u e n c e   of  h i g h   l a b e l i n g   is  o u t w e i g h e d   by  t h e  

a d v a n t a g e   of  h i g h   a c t i v i t y ,   p e r m i t t i n g   the   use  of  s u b s t a n -  

t i a l l y   s m a l l e r   q u a n t i t i e s   of  l a b e l e d   a n t i b o d y .   As  n o t e d  

a b o v e ,   the   use  of  h i g h l y   s p e c i f i c   a n t i b o d i e s   of  h i g h  

a c t i v i t y   r e s u l t s   in  e f f i c i e n t   l o c a l i z a t i o n   and  i n c r e a s e d  

r e s o l u t i o n .   T h i s   b a l a n c i n g   of  i n c r e a s e d   a c t i v i t y   w i t h  

r e d u c e d   s p e c i f i c i t y   is  a d v a n t a g e o u s   w i t h   up  to  an  a v e r a g e  

of  10  a t o m s   of  i o d i n e   per   a n t i b o d y   m o l e c u l e ,   a f t e r   w h i c h  

the   r e d u c t i o n   in  s p e c i f i c i t y   o u t w e i g h s   t he   a d v a n t a g e   o f  

h i g h   a c t i v i t y .   U s i n g   o t h e r   m e t h o d s   f o r   t he   i n t r o d u c t i o n  

of  r a d i o l a b e l ,   i t   may  be  p o s s i b l e   to  f u r t h e r   i n c r e a s e   t h e  

p r o p o r t i o n   of  l a b e l   to  a n t i b o d y   f r a g m e n t   w i t h o u t   p a y i n g  

an  u n a c c e p t a b l e   p r i c e   in  r e d u c e d   i m m u n o s p e c i f i c i t y .   A 

f u r t h e r   i m p r o v e m e n t   may  be  a c h i e v e d   by  e f f e c t i n g   r a d i o -  

l a b e l i n g   in  t he   p r e s e n c e   of  t he   s p e c i f i c   a n t i g e n ,   t o  

i n s u r e   t h a t   t he   a n t i g e n   b i n d i n g   s i t e   on  the   a n t i b o d y   w i l l  

be  p r o t e c t e d .   The  a n t i g e n   is   s e p a r a t e d   a f t e r   l a b e l i n g .  

E x a m p l e s   of  b i v a l e n t   h y b r i d   a n t i b o d y   f r a g m e n t s ,  

e . g . ,   F ( a b l ) 2   a n t i b o d y   f r a g m e n t s   o b t a i n e d   by  c h e m i c a l  

c o m b i n a t i o n   of  Fab '   f r a g m e n t s   f rom  e a c h   of  two  d i f f e r e n t  

t u m o r - s p e c i f i c   a n t o b o d i e s   a r e   shown  b e l o w .   T a b l e   1  g i v e s  

an  i l l u s t r a t i v e   l i s t   of  s u i t a b l e   s u c h   b i v a l e n t   h y b r i d s  

and  t umor   t y p e s   f o r   wh ich   t h e y   a re   a d v a n t a g e o u s l y   u s e d ,  

b o t h   fo r   d e t e c t i o n   and  t h e r a p y .   The  f i r s t   c o l u m n   s h o w s  



the   two  a n t i g e n s   to  w h i c h   the   two  Fab '   c o m p o n e n t s   of  t h e  

h y b r i d   a r e   s p e c i f i c ,   e a c h   h y b r i d   h a v i n g   one  f r a g m e n t  

s p e c i f i c   to  an  a n t i g e n i c   d e t e r m i n a n t   of  e a c h .   In  s o m e  

c a s e s ,   t he   a n t i b o d y   w i l l   be  r a i s e d   to  a  s m a l l e r   f r a g m e n t  

of  a  t u m o r - a s s o c i a t e d   a n t i g e n   to  i n c r e a s e   t he   s p e c i f i c i t y .  

For  e x a m p l e ,   a n t i b o d i e s   r a i s e d   a g a i n s t   t he   b e t a - s u b u n i t  

of  HCG  a r e   p r e f e r r e d   o v e r   a n t i g e n s   r a i s e d   a g a i n s t   HCG 

i t s e l f .   The  s e c o n d   c o l u m n   shows  t u m o r   t y p e s   w h i c h  

p r e f e r e n t i a l l y   c o n c e n t r a t e   e a c h   h y b r i d   t y p e .  



H y b r i d   f r a g m e n t s   s u c h   as  t h o s e   shown  in  T a b l e   1  may  

be  l a b e l e d   w i t h   a  s i n g l e   r a d i o i s o t o p e   f o r   the   d e t e c t i o n  

and  l o c a l i z a t i o n   of  m u l t i p l e   t u m o r   t y p e s   or  c e l l s ,   o r  

l a b e l e d   w i t h   one  or  more  r a d i o i s o t o p e s   f o r   t h e r a p y .   F u r t h e r -  

more ,   such   h y b r i d s   may  be  l a b e l e d   w i t h   a  r a d i o i s o t o p e   f o r  

d e t e c t i o n   and  one  or  more  i s o t o p e s   f o r   t h e r a p y ,   e . g . ,   a 

r a d i o i s o t o p e   a n d / o r   a  b o r o n - c o n t a i n i n g   f r a g m e n t   so  t h a t  

the  l o c a l i z e d   t umor   may  t h e n   be  i r r a d i a t e d   w i t h   t h e r m a l  

n e u t r o n s   in  t he   m a n n e r   d i s c l o s e d   b e l o w .  

E l i m i n a t i o n   of  the   Fc  f r a g m e n t   f rom  an  a n t i b o d y   t o  

form  s m a l l e r   m a r k e r - s p e c i f i c   f r a g m e n t s   has  the   a d v a n t a g e  

of  p r o d u c i n g   a  m o l e c u l e   h a v i n g   a  l o w e r   m o l e c u l a r   w e i g h t  

wh ich   f a c i l i t a t e s   m o b i l i t y   of  t he   f r a g m e n t s   and  t h e i r  

a b i l i t y   to  p a s s   t h r o u g h   the   b l o o d - b r a i n   b a r r i e r .   I n  

a d d i t i o n ,   t he   Fc  f r a g m e n t   is  r e s p o n s i b l e   f o r   the   m a j o r  

h y p e r a l l e r g e n i c i t y   of  a n t i b o d i e s   and  a  s u b s t a n t i a l  

p o r t i o n   of  the   n o n - s p e c i f i c   b i n d i n g .   A c c o r d i n g l y ,   i t s  

c l e a v a g e   r e d u c e s   the   d a n g e r   of  a l l e r g i c   r e a c t i o n   to  t h e  

i n j e c t i o n   of  a n t i b o d i e s ,   e s p e c i a l l y   r e p e a t e d   i n j e c t i o n  

fo r   m u l t i p l e   t umor   i m a g i n g   or  t u m o r   r a d i o t h e r a p y .   S i n c e  



the   k i n e t i c s   of  a n t i b o d y   f r a g m e n t s   a r e   more  r a p i d   and  t h e  

b i n d i n g   more  s p e c i f i c   to  t he   t u m o r   t h a n   f o r   w h o l e   n a t i v e  

i m m u n o g l o b u l i n ,   s u b t r a c t i o n   t e c h n i q u e s   can  be  d i s p e n s e d  

w i t h   or  m o d i f i e d   f o r   use   in  p a r t i c u l a r   c i r c u m s t a n c e s .   I n  

a d d i t i o n ,   t h e   use   of  l a b e l e d   a n t i b o d y   f r a g m e n t s   f o r   a  

more  d i r e c t   i n t r a - a r t e r i a l   a p p l i c a t i o n   of  a  l a b e l e d  

d e t e c t i o n   a g e n t   to  t he   t u m o r   s u p p l i e d   by  the   p a r t i c u l a r  

a r t e r y   p r e s e n t s   an  i m p o r t a n t   o p p o r t u n i t y   of  t h i s   p r o c e s s ,  
b o t h   f o r   t u m o r   d e t e c t i o n   and  f o r   t u m o r   r a d i o t h e r a p y .  

M i x t u r e s   of  l a b e l e d   a n t i b o d y   f r a g m e n t s   may  be  u s e d  

in  a  s i n g l e   p r e p a r a t i o n   f o r   t u m o r   l o c a l i z a t i o n ,   d e t e c t i o n  

or  t h e r a p y .   F r a g m e n t s   of  d i f f e r e n t   s i z e   may  be  u s e d  

t o g e t h e r .   The  m i x t u r e   can  use   f r a g m e n t s   s p e c i f i c   t o  

d i f f e r e n t   a n t i g e n s   a s s o c i a t e d   w i t h   t he   same  t u m o r   t y p e   t o  

e n h a n c e   l o c a l i z a t i o n   and  r e s o l u t i o n .   A l t e r n a t i v e l y ,  

b r o a d   s c r e e n i n g   f o r   v a r i o u s   t u m o r   t y p e s   can  be  done   u s i n g  

a  m i x t u r e   of  f r a g m e n t s   w i t h   d i v e r s e   t u m o r   s p e c i f i c i t i e s .  

A n a l o g o u s l y   to  t he   use   of  h y b r i d   f r a g m e n t s ,   m i x t u r e s  

of  l a b e l e d   a n t i b o d i e s   s p e c i f i c   to  a n t i g e n s   a s s o c i a t e d  

w i t h   t he   same  or  d i f f e r e n t   t u m o r   or  t u m o r   c e l l   t y p e s  

may  be  u s e d .   T h i s   can  e n h a n c e   d e t e c t i o n ,   l o c a l i z a t i o n  

a n d / o r   t h e r a p y   in  c e r t a i n   c a s e s ,   and  can  a l s o   i n c r e a s e  

t he   r a n g e   of  a  b r o a d   s c r e e n   f o r   more  t h a n   one  t u m o r  

or  t u m o r   c e l l   t y p e .  

In  c o n t r a s t   to  e a r l i e r   known  p r o c e d u r e s ,   w h i c h  

p e r m i t   t u m o r   l o c a l i z a t i o n   u s u a l l y   o n l y   a f t e r   24  h o u r s  

f o l l o w i n g   a d m i n i s t r a t i o n   of  t h e   r a d i o l a b e l e d   s p e c i f i c  

a n t i b o d y ,   t h e   p r e s e n t   i m p r o v e d   s u b t r a c t i o n   t e c h n i q u e   a l s o  

p e r m i t s   t u m o r   d e t e c t i o n   and  l o c a l i z a t i o n   w i t h i n   l e s s   t h a n  

24  h o u r s   a f t e r   c o n c u r r e n t   a d m i n i s t r a t i o n   of  r a d i o l a b e l e d  

s p e c i f i c   a n t i b o d y   and  r a d i o l a b e l e d   n o r m a l   i m m u n o g l o b u l i n .  

Tumor  l o c a l i z a t i o n   may  be  a c h i e v e d   as  e a r l y   as  two  h o u r s  

a f t e r   i n j e c t i o n   of  t he   a n t i b o d y / i m m u n o g l o b u l i n   p a i r ,   w i t h  

i m p r o v e d   r e s o l u t i o n   a t   6,  12,  18  and  24  h o u r s   a f t e r   a d m i n i s -  



t r a t i o n .   B e c a u s e   a n t i b o d y   f r a g m e n t s   a r e   d i f f u s e d   i n t o  

the   t i s s u e s   much  more  r a p i d l y   and  more  r a p i d l y   l o c a l i z e d ,  

t umor   d e t e c t i o n   and  l o c a l i z a t i o n   may  be  a c h i e v e d   w i t h i n  

a  s h o r t   t ime   of  i n j e c t i o n   of  t he   l a b e l e d   f r a g m e n t s .  

R a d i o a c t i v i t y   due  to  a c c u m u l a t i o n   of  l a b e l e d   a n t i -  

body  f r a g m e n t s   or  t h e i r   m e t a b o l i t e s   in  t he   b l o o d - p o o l   o r  

in  i n t e r s t i t i a l   f l u i d s   can  s i g n i f i c a n t l y   r e d u c e   t h e  

r e s o l u t i o n   of  t umor   l o c a l i z a t i o n   u s i n g   l a b e l e d   a n t i b o d y  

f r a g m e n t s   s p e c i f i c   to  t u m o r - a s s o c i a t e d   m a r k e r s .   In  s u c h  

c a s e s ,   i t   is   a d v a n t a g e o u s   to  i n j e c t   a  r e f e r e n c e   s u b s t a n c e  

i n t o   the  s u b j e c t   p r i o r   to  p h o t o s c a n n i n g ,   the   r e f e r e n c e  

s u b s t a n c e   b e i n g   r a d i o l a b e l e d   w i t h   a  r a d i o i s o t o p e   e m i t t i n g  

at  a  d i f f e r e n t   e n e r g y   f rom  the   m a r k e r   s p e c i f i c   a n t i b o d y  

f r a g m e n t   l a b e l   and  c a p a b l e   of  i n d e p e n d e n t   d e t e c t i o n   by  

the   p h o t o s c a n n i n g   d e v i c e .   The  l e v e l   of  a c t i v i t y   of  t h e  

r e f e r e n c e   s u b s t a n c e   is   u sed   to  d e t e r m i n e   the   b a c k g r o u n d  

a c t i v i t y   due  to  n o n - t a r g e t e d   s p e c i f i c   a n t i b o d y   f r a g m e n t ,  

t h i s   b a c k g r o u n d   a c t i v i t y   is   t h e n   s u b t r a c t e d   f rom  t h e  

t o t a l   a c t i v i t y   of  t he   s p e c i f i c   a n t i b o d y   p e r m i t t i n g   a 

d e t e r m i n a t i o n   of  the   a c t i v i t y   of  s u b s t a n t i a l l y   o n l y   t h e  

t a r g e t e d ,   t u m o r - a s s o c i a t e d   a n t i b o d y .  

In  the   r e p o r t e d   s u c c e s s f u l   n o n i n v a s i v e   r a d i o i m m u n o -  

d e t e c t i o n   of  c a n c e r   in  humans   of  G o l d e n b e r g   et  a l ,   N. 

E n g .  J .  M e d . ,   298 ,   1384  ( 1 9 7 8 ) ,   a  s u b t r a c t i o n   t e c h n i q u e  

was  shown  to  be  n e c e s s a r y   f o r   s u c c e s s f u l   l o c a l i z a t i o n .  

H o w e v e r ,   the   s u b t r a c t i o n   t e c h n i q u e   u s e d   was  s u b s t a n t i a l l y  

d i f f e r e n t   from  t h a t   of  t he   p r e s e n t   i n v e n t i o n .   In  t h e  

r e f e r e n c e   p r o c e s s ,   r a d i o i o d i n a t e d   a n t i - C E A   a n t i b o d y   w a s  

i n j e c t e d ,   and  t e c h n e t i u m - 9 9 m - l a b e l e d   human  s e r u m   a l b u m i n  

and  t e c h n e t i u m - 9 9 m - p e r t e c h n e t a t e   were   i n j e c t e d   i n t r a -  

v e n o u s l y   b e f o r e   each   i m a g i n g   s c a n .   I m a g e s   were   o b t a i n e d  

w i t h   a  g a m m a - s c i n t i l l a t i o n   c a m e r a   and  the   d a t a   o b t a i n e d  

were   s t o r e d   in  a  m i n i c o m p u t e r .   The  r a t i o   of  1 - 1 3 1   a c t i v i t y  

to  T c - 9 9 m - a c t i v i t y   in  n o n - t a r g e t   a r e a s   p r o v i d e d   a  s t a n d a r d  

of  c o m p a r i s o n   for   b a c k g r o u n d   n o n - l o c a l i z e d   a n t i b o d y  



a c t i v i t y .   T h i s   in  t u r n   p e r m i t t e d   a  d e t e r m i n a t i o n   of  n o n -  

t a r g e t e d   s p e c i f i c   a n t i b o d y   a c t i v i t y   at   o t h e r   l o c a t i o n s ,  

w h i c h   was  t h e n   s u b t r a c t e d   f rom  the   t o t a l   s p e c i f i c  

a n t i b o d y   a c t i v i t y   to  y i e l d   a  v a l u e   f o r   t h e   a c t i v i t y   o f  

l o c a l i z e d ,   t a r g e t e d   a n t i b o d y .  

The  p r e s e n t   i n v e n t i o n   i n c l u d e s   t he   use   of  T c - 9 9 m -  

l a b e l e d   n o r m a l   i m m u n o g l o b u l i n   G  or  f r a g m e n t s   t h e r e o f   a n d  

T c - 9 9 m - l a b e l e d   s u l f u r   c o l l o i d   among  s u i t a b l e   r e f e r e n c e  

s u b s t a n c e s .   P r e f e r a b l y ,   h o w e v e r ,   t he   r e f e r e n c e   s u b s t a n c e  

is   t he   c o r r e s p o n d i n g   n o r m a l ,   i n d i f f e r e n t   i m m u n o g l o b u l i n   G 

( I g G )   or  t he   c o r r e s p o n d i n g   f r a g m e n t   f rom  the   same  o r  

d i f f e r e n t   s p e c i e s   as  t h a t   u s e d   to  p r e p a r e   t he   s p e c i f i c  

a n t i b o d y   f r a g m e n t   u s e d   as  t h e   t u m o r  l o c a l i z a t i o n   a g e n t .  

T h i s   n o r m a l   i m m u n o g l o b u l i n   G  i s   p r e f e r a b l y   r a d i o l a b e l e d  

w i t h   a  d i f f e r e n t   i s o t o p e   of  t he   same  e l e m e n t   u s e d   t o  

l a b e l   t he   s p e c i f i c   a n t i b o d y   and  i s   p r e f e r a b l y   i n j e c t e d  

c o n c u r r e n t l y   w i t h   t h e   r a d i o l a b e l e d   m a r k e r - s p e c i f i c  

a n t i b o d y .   T h i s   has   t he   a d v a n t a g e   of  u s i n g   as  a  r e f e r e n c e  

s u b s t a n c e   a  m o l e c u l a r   s p e c i e s   h a v i n g   e s s e n t i a l l y   t he   s a m e  

k i n e t i c s   of  b i n d i n g ,   d i s t r i b u t i o n   and  m e t a b o l i s m   as  t h e  

l a b e l e d   s p e c i f i c   a n t i b o d y .   As  a  c o n s e q u e n c e ,   o n l y   a  

s i n g l e   i n j e c t i o n   of  t he   r e f e r e n c e   s u b s t a n c e   i s   n e c e s s a r y ,  

and  i n c r e a s e d   r e s o l u t i o n   is   a c h i e v e d .   The  n o r m a l   IgG  i s  

p r e p a r e d   and  l a b e l e d   in  t he   same  way  as  t he   s p e c i f i c  

a n t i b o d y   to  w h i c h   i t   c o r r e s p o n d s .  

S u i t a b l e   p a i r s   of  r a d i o i s o t o p e s ,   one  of  w h i c h   may 

be  u s e d   f o r   l a b e l i n g   the   s p e c i f i c   a n t i b o d y   and  the   o t h e r  

of  w h i c h   i s   u s e d   to  l a b e l   t he   n o r m a l   i m m u n o g l o b u l i n   i n c l u d e  

I o d i n e - 1 3 1   and  I o d i n e - 1 2 3 ;   I n d i u m - 1 1 1   and  I n d i u m - 1 1 3 m ;  

G a l l i u m - 6 7   and  G a l l i u m - 6 8 ;   R u t h e n i u m - 9 7   and  R u t h e n i u m -  

103;   or  M e r c u r y - 1 9 7   and  M e r c u r y - 2 0 3 .   B e c a u s e   i o d i n e   may 

be  i n t r o d u c e d   d i r e c t l y   by  a  c h e m i c a l   s u b s t i t u t i o n   r e a c t i o n ,  

and  has  at   l e a s t   f i v e   i s o t o p e s   w h i c h   a r e   r a d i o a c t i v e   a n d  

d e t e c t a b l e   u s i n g   a  p h o t o s c a n n i n g   d e v i c e ,   i o d i n e   i s   p r e f e r r e d  

f o r   r a d i o l a b e l i n g   b o t h   the   s p e c i f i c   a n t i b o d y   f r a g m e n t   a n d  



the   n o r m a l   i m m u n o g l o b u l i n   G  r e f e r e n c e   f o r   use   in  t h e  

m e t h o d   of  t he   i n v e n t i o n .   A d v a n t a g e o u s l y ,   I o d i n e - 1 3 1   i s  

used   f o r   l a b e l i n g   the   s p e c i f i c   a n t i b o d y   and  I o d i n e - 1 2 3   i s  

used   f o r   l a b e l i n g   the   n o r m a l   i m m u n o g l o b u l i n .   T h e  

r e s u l t a n t   e m i s s i o n s   a re   s e p a r a t e l y   d e t e c t a b l e   on  t w o  

d i f f e r e n t   c h a n n e l s   of  a  g a m m a - s c i n t i l l a t i o n   d e t e c t o r .  

The  r e s u l t a n t   s c a n n i n g   d a t a   a r e   c o n v e n i e n t l y   s t o r e d  

in  a  m i n i c o m p u t e r   and  the   a f o r e m e n t i o n e d   s u b t r a c t i o n  

p r o c e d u r e   is   e f f e c t e d   to  d e t e r m i n e   t h e   r e g i o n s   of  e x c e s s  

a c c u m u l a t i o n   of  r a d i o l a b e l e d   s p e c i f i c   a n t i b o d y   o v e r   i t s  

r a t i o   to  l a b e l e d   r e f e r e n c e   i m m u n o g l o b u l i n   in  n o n - t a r g e t  

a r e a s .   T h e s e   v a l u e s   may  be  u s e d   to  g e n e r a t e   a  r e l a t e d  

o u t p u t   s i g n a l ,   a d v a n t a g e o u s l y   a  g r a d a t i o n   of  c o l o r s  

on  a  c o l o r   v ideo   s c r e e n .   The  p h o t o s c a n n i n g   d e v i c e   may  

a l s o   i n c l u d e   c o m p u t e r   t o m o g r a p h i c   c a p a b i l i t i e s .   T h i s  

h i g h l y   e f f i c i e n t   s u b t r a c t i o n   t e c h n i q u e   w i t h   t he   use   o f  

h i g h l y   m o n o s p e c i f i c ,   p r e f e r a b l y   m o n o c l o n a l   a n t i b o d i e s  

l a b e l e d   to  g i v e   t he   maximum  b a l a n c e   b e t w e e n   h i g h   a c t i v i t y  

and  a c c e p t a b l e   i m m u n o s p e c i f i c i t y   p r o v i d e s   a  t u m o r  

l o c a l i z a t i o n   and  d e t e c t i o n   m e t h o d   of  s i g n i f i c a n t l y  

i m p r o v e d   r e s o l u t i o n .  

Of  c o u r s e ,   t he   c o m b i n a t i o n   of  h i g h l y   l a b e l e d ,   h i g h l y  

s p e c i f i c   a n t i b o d y   w i t h   the   i m p r o v e d   s u b t r a c t i o n   t e c h n i q u e  

of  t h i s   i n v e n t i o n   l e a d s   to  e v e n   g r e a t e r   r e s o l u t i o n .   In  a 

p r e f e r r e d   e m b o d i m e n t ,   s u b s t a n t i a l l y   m o n o s p e c i f i c   a n t i b o d y  

is   r a d i o l a b e l e d   w i t h   1 - 1 3 1   or  1 - 1 2 3 ,   an  a v e r a g e   of  a t  

l e a s t   2 .5   and  p r e f e r a b l y   f rom  5  to  10  a t o m s   of  i o d i n e   p e r  

a n t i b o d y   m o l e c u l e   b e i n g   i n t r o d u c e d ,   and  t h e   r e s u l t a n t  

h i g h l y   l a b e l e d   m o n o s p e c i f i c   a n t i b o d y   is   i n j e c t e d   a c c o r d i n g  

to  the   p r e s e n t   m e t h o d .   The  use   of  m o n o c l o n a l   s p e c i f i c  

a n t i b o d y   r a d i o l a b e l e d   w i t h   1 - 1 3 1   or  1 - 1 2 3   to  an  a v e r a g e  
i o d i n e   c o n t e n t   of  at  l e a s t   2 . 5   and  p r e f e r a b l y   f rom  5  t o  

10  a t o m s   p e r   a n t i b o d y   m o l e c u l e   is   a l s o   p r e f e r r e d .  

F u r t h e r   i m p r o v e d   r e s o l u t i o n   i s   a c h i e v e d   by  u s i n g   a 

r a d i o l a b e l e d   p u r i f i e d   n o r m a l   i m m u n o g l o b u l i n   fo r   t he   r e f e r e n c e  

s u b s t a n c e   in  t he   s u b t r a c t i o n   t e c h n i q u e .   Norma l   g l o b u l i n  



is  a  m i x t u r e   of  g l o b u l i n s ,   some  of  w h i c h   may  b i n d   to  t h e  

s p e c i f i c   a n t i g e n   to  w h i c h   the   r a d i o a c t i v e   a n t i b o d y   i s  

d i r e c t e d .   T h e r e f o r e ,   i t   i s   d e s i r a b l e   to  p u r i f y   t h e  

n o r m a l   g l o b u l i n   to  be  u s e d   as  a  s u b t r a c t i o n   a g e n t   so  a s  

to  r e m o v e   any  r e a c t i v i t y   to  t he   s p e c i f i c   m a r k e r   i n  

q u e s t i o n ,   and  one  s u c h   p u r i f i c a t i o n   m e t h o d   i s   to  a d s o r b  

the   n o r m a l   i m m u n o g l o b u l i n   w i t h   t he   s p e c i f i c   a n t i g e n ,  

p r e f e r a b l y   on  a  s o l i d   a d s o r b e n t ,   so  t h a t   t he   g l o b u l i n s  

r e a c t i n g   w i t h   t he   a n t i g e n   w i l l   be  r e t a i n e d   on  the   c o l u m n  

and  the   m a t e r i a l s   p a s s i n g   t h r o u g h   w i l l   be  more   s u i t a b l e  

fo r   l a b e l i n g   as  a  n o n - s p e c i f i c   s u b t r a c t i o n   a g e n t .  

M o n o c l o n a l   n o n - s p e c i f i c   i m m u n o g l o b u l i n   or  m y e l o m a   p r o t e i n  

i t s e l f   w i l l   a l s o   have   the   d e s i r e d   p u r i t y   f o r   l a b e l i n g   a n d  

use  as  s u b t r a c t i o n   a g e n t s .  

When  t he   s u b t r a c t i o n   t e c h n i q u e   of  t he   i n v e n t i o n   i s  

u s e d ,   t he   b a l a n c e   b e t w e e n   h i g h   r a d i o   a c t i v i t y .  a n d   h i g h  

s p e c i f i c i t y   can  be  s t r u c k   more  on  the  s i d e   of  a  s o m e w h a t  

lower   e x t e n t   of  r a d i o l a b e l   wi th   a  c o r r e s p o n d i n g l y   h i g h e r  

m a r k e r - s p e c i f i c   i m m u n o r e a c t i v i t y   of  t he   a n t i b o d y .   A g a i n ,  

the   h i g h e r   t he   m a r k e r - s p e c i f i c   i m m u n o r e a c t i v i t y ,   t h e  

h i g h e r   t he   l a b e l i n g   can  be  w h i l e   s t i l l   p r e s e r v i n g   a n  

a d v a n t a g e o u s   b a l a n c e   of  a n t i b o d y   p r o p e r t i e s .   T h u s ,   a 

s u b s t a n t i a l l y   m o n o s p e c i f i c   a n t i b o d y   h a v i n g   a  m a r k e r -  

s p e c i f i c   i m m u n o r e a c t i v i t y   of  at   l e a s t   70%,  p r e f e r a b l y   a t  

l e a s t   80%,  and  a  c r o s s - r e a c t i v i t y   of  l e s s   t h a n   1 5 % ,  

p r e f e r a b l y   l e s s   t h a n   10%,  can  be  l a b e l e d   w i t h   I - 1 3 1   or  I -  

123  to  an  e x t e n t   of  f rom  2 . 5 ,   bu t   p r e f e r a b l y   f rom  5  to  10  

a t o m s   of  i o d i n e   pe r   a n t i b o d y   m o l e c u l e   w h i l e   s t i l l   r e t a i n i n g  

a  s u f f i c i e n t   s p e c i f i c i t y   a f t e r   l a b e l i n g   to  p e r m i t   h i g h l y  

e f f i c i e n t   l o c a l i z a t i o n .  

The  use   of  t he   p r e s e n t   m e t h o d ,   e i t h e r   w i t h o u t   b u t  

p r e f e r a b l y   w i t h   t h e   i m p r o v e d   s u b t r a c t i o n   t e c h n i q u e ,   p e r m i t s  

e i t h e r   c o n t i n u o u s ,   r e p e a t e d   or  o c c a s i o n a l   m o n i t o r i n g   o f  

t umor   l o c a t i o n s .   T h i s   has   p a r t i c u l a r   a d v a n t a g e s   i n  

c o n j u n c t i o n   w i t h   t he   d i a g n o s i s   and  s t a g i n g   of  t u m o r s  

p r i o r   to  s u r g e r y .   In  a d d i t i o n ,   the   m e t h o d   is   u s e f u l  



d u r i n g   and  a f t e r   s u r g e r y   as  an  i n d i c a t i o n   of  t he   e x t e n t  

to  wh ich   c o m p l e t e   t u m o r   r e m o v a l   has  been   a c h i e v e d .   I n  

c a s e   of  m e t a s t a s i s ,   e s p e c i a l l y   w h e r e   t h e r e   has  been   a 

p r o l i f e r a t i o n   of  s m a l l ,   d i f f u s e   m e t a s t a s e s ,   t he   h i g h  

r e s o l u t i o n   of  the   p r e s e n t   m e t h o d   p e r m i t s   i d e n t i f i c a t i o n  

of  t a r g e t   a r e a s   f o r   p o s t - o p e r a t i v e   t h e r a p y .   T h i s   can  b e  

e f f e c t e d   u s i n g   the   t h e r a p e u t i c   m e t h o d   of  t h i s   i n v e n t i o n  

or  o t h e r   known  t e c h n i q u e s ,   e . g . ,   c h e m o t h e r a p y ,   r a d i a t i o n  

t r e a t m e n t s ,   or  m u l t i m o d a l   t h e r a p i e s .  

R a d i o l a b e l e d   m a r k e r - s p e c i f i c   a n t i b o d i e s   or  f r a g m e n t s  

a re   e f f e c t i v e   f o r   t umor   t h e r a p y .   A f t e r   i t   has   been   d e t e r -  

mined   t h a t   l a b e l e d   a n t i b o d i e s   a r e   l o c a l i z e d   at  t u m o r  

s i t e s   in  a  s u b j e c t ,   a  h i g h e r   d o s e   of  l a b e l e d   a n t i b o d y ,  

g e n e r a l l y   f rom  25  to  250  mCi,  and  p r e f e r a b l y   f rom  50  mCi 

to  150  mCi  per   d o s e   is   i n j e c t e d .   I n j e c t i o n   may  be  i n t r a -  

v e n o u s ,   i n t r a a r t e r i a l ,   i n t r a l y m p h a t i c ,   i n t r a t h e c a l ,   o r  

i n t r a c a v i t a r y ,   and  may  be  r e p e a t e d .  

A  v a r i e t y   of  r a d i o n u c l i d e s   a r e   u s e f u l   f o r   t h e r a p y ,  

and  t h e y   may  be  i n c o r p o r a t e d   i n t o   t he   s p e c i f i c   a n t i b o d y  

by  the   l a b e l i n g   t e c h n i q u e s   d i s c u s s e d   a b o v e .   The  p r e f e r r e d  

t h e r a p e u t i c a l l y   e f f e c t i v e   r a d i o n u c l i d e   i s   1 - 1 3 1 .  

The  t h e r a p e u t i c   m e t h o d   of  t h i s   i n v e n t i o n   a l s o   a d v a n -  

t a g e o u s l y   makes   use   of  h i g h l y   m a r k e r - s p e c i f i c   a n t i b o d y ,  

p r e f e r a b l y   an  a n t i b o d y   w h i c h   is  s u b s t a n t i a l l y   m o n o s p e c i f i c ,  

h a v i n g   a  m a r k e r - s p e c i f i c   i m m u n o r e a c t i v i t y   of  at   l e a s t  

70%,  p r e f e r a b l y   80%,  and  a  c r o s s - r e a c t i v i t y   to  o t h e r  

a n t i g e n s   of  l e s s   t h a n   15%,  p r e f e r a b l y   l e s s   t h a n   10%.  

M o n o c l o n a l   a n t i b o d i e s   a r e   p r e f e r r e d   b e c a u s e   of  t h e i r   h i g h  

s p e c i f i c i t y .  

T h e r a p y   u s i n g   r a d i o l a b e l e d   m a r k e r - s p e c i f i c   a n t i b o d i e s  

or  f r a g m e n t s   is   a d v a n t a g e o u s l y   used   as  a  p r i m a r y   t h e r a p e u t i c  

t r e a t m e n t ,   in  c o m b i n a t i o n   w i t h   o t h e r   t h e r a p i e s ,   e . g . ,  
r a d i a t i o n   and  c h e m o t h e r a p y ,   and  as  an  a d j u n c t   to  s u r g e r y .  
Where  t h e r e   may  be  s m a l l   m e t a s t a s e s   w h i c h   c a n n o t   b e  

s u r g i c a l l y   r e m o v e d   or  w h i c h   may  e s c a p e   d e t e c t i o n ,   t h e  



r a d i o t h e r a p e u t i c   method  of  the  i n v e n t i o n   p r o v i d e s   a  

p o t e n t   weapon  c a p a b l e   of  s e e k i n g   out   and  d e s t r o y i n g   t h e s e  

t u m o r s .  

A n t i b o d y   f ragments   w i l l   sometimes  have  somewhat  l o w e r  

i m m u n o r e a c t i v i t y ,   and  i t   is  then  a d v a n t a g e o u s   to  l a b e l   with  a  

lower  r a d i o n u c l i d e   c o n t e n t ,   e . g . ,   0 . 1 - 1 . 0   atom  per  f r a g m e n t  

molecule   of,  e . g . ,   1-131.  This  wi l l   produce  f r agmen t s   h a v i n g  

an  1-131  s p e c i f i c   a c t i v i t y   of,  2 .5 -52   Ci/ug  for  t h e r a p y   a n d ,  

i f   n e c e s s a r y ,   for  d e t e c t i o n .  

A  f u r t h e r   a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n   r e l a t e s  

to  t he   use   of   a n t i b o d i e s   or  f r a g m e n t s   c o n t a i n i n g   b o t h   a  

r a d i o i s o t o p e   l a b e l   and  an  a d d e n d   c o n t a i n i n g   s i g n i f i c a n t  

n u m b e r s   of  b o r o n   a t o m s ,   h a v i n g   a t   l e a s t   t h e   20%  n a t u r a l  

a b u n d a n c e   of   b o r o n - 1 0   i s o t o p e .   The  b o r o n - c o n t a i n i n g  

a d d e n d   may  be  i n t r o d u c e d   by  a  v a r i e t y   of   m e t h o d s ,   p r e f e r a b l y  

by  c o u p l i n g   t h e   a n t i b o d y   w i t h   a  b o r o n - r i c h   c o u p l i n g  

a g e n t ,   s u c h   as  t h e   d i a z o n i u m   i on   d e r i v e d   f rom  1 - ( 4 - a m i n o -  

p h e n y l ) - 1 , 2 - d i c a r b a c l o s o d o d e c a b o r a n e ( 1 2 ) ,   a c c o r d i n g   t o  

t h e   m e t h o d   of  H a w t h o r n e   e t   a l ,   J .  M e d .  C h e m . ,   15,   4 4 9  

( 1 9 7 2 ) .   The  b o r o n - 1 0 - c o n t a i n i n g   a n t i b o d y   is   t h e n   r a d i o l a b e l e d  

a c c o r d i n g   to  one  or  more  of  t h e   a b o v e   p r o c e d u r e s   to  p r o d u c e  

an  a n t i b o d y   c o n t a i n i n g   b o t h   one  or  more   r a d i o l a b e l s   f o r  

t u m o r   l o c a l i z a t i o n   a n d / o r   t h e r a p y   and  a  h i g h   c o n t e n t   o f  

b o r o n - 1 0   a t o m s   f o r   the   a b s o r p t i o n   of   t h e r m a l   n e u t r o n s .  

I n j e c t i o n   of   t he   r a d i o l a b e l e d   and  b o r o n - l a b e l e d   a n t i b o d y  

i s   f o l l o w e d   by  l o c a l i z a t i o n   of  t u m o r s   u s i n g   t he   r a d i o l a b e l .  

The  t u m o r s   a r e   t h e n   i r r a d i a t e d   w i t h   a  w e l l   c o l l i m a t e d  

beam  of  t h e r m a l   n e u t r o n s ,   w h i c h   a r e   p r e f e r e n t i a l l y  

a b s o r b e d   by  b o r o n - 1 0   n u c l e i   on  t h e   b o r o n - c o n t a i n i n g  

a d d e n d s ,   and  t h e   a c t i v a t e d   n u c l e u s   d e c a y s   r a p i d l y   t o  

l i t h i u m - 7   and  an  a l p h a - p a r t i c l e .   T h e s e   r e s u l t a n t  

a l p h a - p a r t i c l e s   a r e   c y t o t o x i c ,   and  t h e i r   p r o d u c t i o n   i n  

t u m o r   c e l l s   k i l l s   t he   c e l l s   a n d - c a u s e s   t u m o r   r e d u c t i o n .  

C o m b i n a t i o n   of  a  b o r o n   a d d e n d   w i t h   one  or  m o r e  

r a d i o l a b e l s   on  a  h i g h l y   m a r k e r - s p e c i f i c   a n t i b o d y   p r o v i d e s  

f o r   t he   f i r s t   t i m e   a  s i n g l e   a g e n t   w h i c h   f u n c t i o n s   as  a  



multimodal   tumor  t h e r a p e u t i c   agent .   The  rapid  and  s p e c i f i c  

l o c a l i z a t i o n   of  these   doubly  l abe l ed   a n t i b o d i e s   at  the  s i t e  

of  a  tumor  pe rmi t s   a  rapid  and  p r e c i s e   d e f i n i t i o n   of  the  a r e a s  

where  neu t ron   i r r a d i a t i o n   should  be  focused .   Moreover,  a s  

tumor  c e l l s   are  d e s t r o y e d   by  the  combined  e f f e c t s   of  r a d i a t i o n   from 

the  r a d i o l a b e l   and  n e u t r o n - a c t i v a t e d   boron-10  e m i s s i o n s ,   and  t h e  

k i l l e d   tumor  c e l l s   are  e l i m i n a t e d ,   the  p rog re s s   of  the  r a d i o -  

t h e r a p e u t i c   t r e a t m e n t   may  be  moni tored  by  measurement  of  l o c a l i z e d ,  

r a d i o l a b e l e d   an t ibody   or  o ther   tumor  d e t e c t i o n   m e t h o d s .  

The  a n t i b o d i e s   of  the  i n v e n t i o n   are  a d v a n t a g e o u s l y   admin -  

i s t e r e d   in  the  form  of  i n j e c t a b l e   c o m p o s i t i o n s .   For  g e n e r a l  

s c r e e n i n g ,   and  for  many  types  of  l o c a l i z a t i o n   and  t h e r a p y ,   i n j e c -  

t ion  wil l   be  i n t r a v e n o u s ,   i n t r a a r t e r i a l   or  i n t r a t h e c a l .   The  i n -  

j e c t a b l e   an t ibody   s o l u t i o n   wi l l   be  a d m i n i s t e r e d   in to   a  vein ,   a r t e r y   o r  

into  the  sp ina l   f l u id   over  the  course   of  from  2  minutes   to  a b o u t  

1  hour,  p r e f e r a b l y   from  10  minutes   to  20  minutes   for  i n t r a v e n o u s   o r  

i n t r a a r t e r i a l   i n f u s i o n .   In  c e r t a i n   cases ,   s u b c u t a n e o u s ,   s u b -  

mucosal,   or  i n t r a c a v i t a r y   a d m i n i s t r a t i o n   is  a d v a n t a g e o u s .   Where 

the  tumor  is  supp l i ed   by  a  known,  a c c e s s i b l e   a r t e r y ,   i n t r a a r t e r i a l  

a d m i n i s t r a t i o n   is  p r e f e r r e d   for  t he r apy .   The  i n t r a a r t e r i a l   r o u t e  

can  be  used  for  longer   p e r i o d s   of  i n f u s i o n   of  the  p r e p a r a t i o n ,   e . g . ,  
24  hours  or  l onge r .   In  a d d i t i o n ,   i n t r a t h e c a l   a d m i n i s t r a t i o n   o r  

i n j e c t i o n   of  f ragments   in to   the  c a r o t i d   a r t e r y   may  be  used  for  t u m o r s  

loca ted   in  the  b r a in .   Subcu taneous ,   submucosal  and  i n t r a c a v i t a r y  

a d m i n i s t r a t i o n   are  advan t ageous   for  tumors  r e s t r i c t e d   to  a reas   c l o s e  

to  p a r t i c u l a r   r eg ions   of  the  skin  and/or   to  p a r t i c u l a r   body  c a v i t i e s .  

A  t y p i c a l   i n j e c t a b l e   compos i t i on   a cco rd ing   to  the  i n v e n t i o n  

con t a in s   about  34  mg  human  serum  albumin  (1%  U S P : P a r k e - D a v i s )  

and  from  1  to  500  micrograms  of  r a d i o l a b e l e d   s p e c i f i c   an t ibody   p e r  
m i l l i l i t e r   of  0.04  M  phospha te   bu f f e r   (pH  7.4,  Bioware)  c o n t a i n i n g  

0.9  %NaCl.Where  the  s u b t r a c t i o n   t echn ique   of  the  i n v e n t i o n   is  u s e d ,  

a  q u a n t i t y   of  r a d i o l a b e l e d   normal  immunoglobul in   roughly  equal  t o  

the  weight  of  s p e c i f i c   an t ibody   is  a lso  i n c l u d e d .   O t h e r  

c o n v e n t i o n a l   p h a r m a c e u t i c a l l y   a c c e p t a b l e   i n j e c t i o n   v e h i c l e s  



may  be  used  where  i n d i c a t e d ,   such  as  for  i n t r a t h e c a l ,   s u b c u t a n e o u s ,  
submucosal ,   or  i n t r a c a v i t a r y   i n j e c t i o n   as  well  as  for  i n t r a v e n o u s  

or  i n t r a a r t e r i a l   i n j e c t i o n .  

W i t h o u t   f u r t h e r   e l a b o r a t i o n ,   i t   i s   b e l i e v e d   t h a t  

one  s k i l l e d   in  t he   a r t   c a n ,   u s i n g   the   p r e c e d i n g   d e s c r i p t i o n ,  

u t i l i z e   t he   p r e s e n t   i n v e n t i o n   to  i t s   f u l l e s t   e x t e n t .   T h e  

f o l l o w i n g   p r e f e r r e d   s p e c i f i c   e m b o d i m e n t s   a r e ,   t h e r e f o r e ,  

to  be  c o n s t r u e d   as  m e r e l y   i l l u s t r a t i v e ,   and  no t   l i m i t a t i v e  

of  t he   r e m a i n d e r   of  t h e   d i s c l o s u r e   in  any  way  w h a t s o e v e r .  

In  t he   f o l l o w i n g   e x a m p l e s ,   a l l   t e m p e r a t u r e s   a r e   s e t   f o r t h  

u n c o r r e c t e d   in  d e g r e e s   C e l s i u s ;   u n l e s s   o t h e r w i s e  

i n d i c a t e d ,   a l l   p a r t s   and  p e r c e n t a g e s   a r e   by  w e i g h t .  

A n t i b o d i e s   u s e d   in  t h e s e   e x a m p l e s   a r e   h i g h l y   s p e c i f i c ,  

e i t h e r   p r e p a r e d   by  c o n v e n t i o n a l   i m m u n i z a t i o n   f o l l o w e d   b y  

c o m p l e m e n t   i n a c t i v a t i o n ,   a d s o r p t i o n   to  r e m o v e   h e m a g g l u t i n a t i o n  

c o m p o n e n t s   and  a f f i n i t y   p u r i f i c a t i o n   a g a i n s t   c r o s s - r e a c t i v e  

a n t i g e n s   and  the   s p e c i f i c   a n t i g e n ,   or  h y b r i d o m a - d e r i v e d  

m o n o c l o n a l   a n t i b o d i e s .  

EXAMPLE  1 

P r e p a r a t i o n   of  1 3 1 I - a n t i - C E A   I g G ( g o a t )  

(a)   CEA  is   o b t a i n e d   in  h i g h   p u r i t y   f rom  h e p a t i c   m e t a s t a s i s  

of  c o l o n i c   c a r c i n o m a   by  t h e   m e t h o d   of  Newman  et  a l . ,  

C a n c e r  R e s . ,   34,  2125  ( 1 9 7 4 ) .  

(b)  P u r i f i e d   CEA,  0 .5   mg  d ry   w e i g h t ,   i s   d i s s o l v e d   in  2  ml  

of  w a t e r   c o n t a i n i n g   2  mg  m e t h y l a t e d   b o v i n e   s e r u m   a l b u m i n  

( S i g m a )   and  t he   CEA  s o l u t i o n   i s   e m u l s i f i e d   w i t h   an  e q u a l  

v o l u m e   of  c o m p l e t e   F r e u n d ' s   a d j u v a n t   ( D i f c o ) .  

E q u a l   p o r t i o n s   of  t he   CEA  i n o c u l u m   a r e   i n j e c t e d  

s u b c u t a n e o u s l y   i n t o   two  s e p a r a t e   s i t e s   on  t he   neck   of  a 

h e a l t h y   g o a t .   I n j e c t i o n s   a r e   a d m i n i s t e r e d   b i - w e e k l y  

u n t i l   r a d i o i m m u n o a s s a y   (RIA)  of  a n t i s e r u m   c o l l e c t e d   14 

d a y s   a f t e r   the   l a s t   i n j e c t i o n   shows   an  a n t i - C E A   t i t e r   o f  

g r e a t e r   t h a n   1 : 1 0 6 .  

B lood   is   t h e n   c o l l e c t e d   a s e p t i c a l l y   f rom  t he   g o a t ,  

t r a n s f e r r e d   to  p y r o g e n - f r e e   c e n t r i f u g e   t u b e s   and  c e n t r i -  



f u g e d .   The  a n t i - C E A   s e r u m   is   s t o r e d   at   - 2 0 0 C .  

The  c o m p l e m e n t   of  t he   g o a t   a n t i - C E A   s e r u m   is  i n a c t i -  

v a t e d   by  i n c u b a t i o n   at  56°C  f o r   one  h o u r ,   and  f r e e d   o f  

a n t i - b l o o d   g r o u p   a c t i v i t y   by  r e p e a t e d   m i x i n g   w i t h   w a s h e d ,  

p a c k e d   t y p e   AB  human  RBC's   w i t h   a  s e r u m / R B C   r a t i o  

c a l c u l a t e d   f rom  the   h e m a g g l u t i n a t i o n   a s s a y ,   u n t i l   no  

f u r t h e r   h e m a g g l u t i n a t i o n   a c t i v i t y   can  be  d e t e c t e d .   T h e  

a b s o r b e d   a n t i - C E A   s e rum  i s   t h e n   d i a l y z e d   a g a i n s t   s e v e r a l  

v o l u m e s   of  0 .1   M  pH  7 .0   p h o s p h a t e   b u f f e r   ( P 0 4 ) .  

(c)   A  c o l o n   c a r c i n o m a   a n t i g e n - I I I   ( C C A - I I I )  

i m m u n o a d s o r b e n t   is   p r e p a r e d   by  c o n j u g a t i n g   the   6 0 , 0 0 0   MW 

f r a c t i o n   of  t he   p e r c h l o r i c   a c i d   e x t r a c t s   of  n o r m a l   l u n g  

to  c y a n o g e n   b r o m i d e - a c t i v a t e d   S e p h a r o s e   4B  ( P h a r m a c i a  

F i n e   C h e m i c a l s ,   I n c . ) ,   u s i n g   c o n v e n t i o n a l   t e c h n i q u e s .   T h e  

c o n j u g a t i o n   is  a l l o w e d   to  p r o c e e d   o v e r n i g h t   at  4°C  w i t h  

g e n t l e   s t i r r i n g .   The  C C A - I I I - i m m u n o a d s o r b e n t   is  w a s h e d  

w i t h   0 . 0 5   M,  pH  8 . 4 ,   b o r a t e   b u f f e r   and  r e s u s p e n d e d   in  4 

v o l u m e s   of  1  M  2 - a m i n o e t h a n o l   in  0 .1   M,  pH  8 .0   p h o s p h a t e  

b u f f e r .   The  s l u r r y   is   m ixed   f o r   one  h o u r   at  r o o m  

t e m p e r a t u r e ,   f i l t e r e d   and  w a s h e d   w i t h   P 0 4 .  

A  C C A - I I I   i m m u n o a d s o r b e n t   c o l u m n   is   p r e p a r e d ,   p r e -  

c y c l e d   w i t h   2  ml  of  10%  ( v / v )   n o r m a l   g o a t   s e r u m   ( G i b c o ) ,  

and  w i t h   a p p r o x i m a t e l y   one  c o l u m n   v o l u m e   of  t he   c h a o t r o p i c  

a g e n t   3  M  ammonium  t h i o c y a n a t e ,   and  r e e q u i l i b r a t e d   w i t h  

0 .1   M  pH  7 .0   p h o s p h a t e   b u f f e r .  

The  C C A - I I I - i m m u n o a d s o r b e n t   c o l u m n   is   i n s e r t e d   i n t o  

an  a u t o m a t e d   c h r o m a t o g r a p h i c   s y s t e m   and  the   e n t i r e   s y s t e m  

is  t h o r o u g h l y   w a s h e d   w i t h   a p y r o g e n i c ,   s t e r i l e   P04.   T h e  

b u f f e r   r e s e r v o i r s   a re   r e p l a c e d   w i t h   r e s e r v o i r s   c o n t a i n i n g  

the   c h a o t r o p i c   a g e n t   and  d i a l y s a t e .  

The  a d s o r b e d   a n t i - C E A   s e r u m   is  d i l u t e d   w i t h   P04  t o  

a  vo lume   w h i c h   is  2 /3   t h a t   of  the   v o i d   v o l u m e   of  t h e  

c o l u m n   and  c o n t a i n s   an  a p p r o p r i a t e   q u a n t i t y   of  a n t i s e r u m  

for   one  c y c l e   t h r o u g h   the   c o l u m n .   T h i s   vo lume   of  d i l u t e d  

a n t i s e r u m   is  a p p l i e d   and  w a s h e d   i n t o   the   c o l u m n   w i t h  

s u f f i c i e n t   P04  to  g i v e   a  t o t a l   v o l u m e   of  one  c o l u m n   v o i d  



v o l u m e .   The  a n t i - s e r u m   is   a l l o w e d   to  i n c u b a t e   at   r o o m  

t e m p e r a t u r e   f o r   20  m i n u t e s ,   t h e n   t he   s p e c i f i c   a n t i - C E A  

s e r u m ,   u n a d s o r b e d   f r a c t i o n ,   i s   e l u t e d   f rom  the   c o l u m n  

w i t h   P04.   The  s y s t e m   a u t o m a t i c a l l y   s t a r t s   t he   n e x t   c y c l e  

by  a p p l y i n g   a  s e c o n d   a l i q u o t   of  a n t i - C E A   s e r u m .   T h e  

n u m b e r   of  c y c l e s   i s   s e t   to  p r o c e s s   t h e   e n t i r e   l o t   o f  

a n t i s e r u m .  

An  a l i q u o t   of  t he   a n t i - C E A   s e r u m   i s   c o n c e n t r a t e d   t o  

t he   o r i g i n a l   v o l u m e   of  t he   a n t i s e r u m   and  r e t e s t e d   b y  

i m m u n o d i f f u s i o n .   The  a n t i s e r u m   i s   t e s t e d   a g a i n s t  

r e f e r e n c e   CEA,  a  C C A - I I I   p r e p a r a t i o n ,   and  n o r m a l   h u m a n  

t i s s u e   e x t r a c t s   and  p l a s m a .   I f   t h e   a n t i s e r u m   has   a  

p o s i t i v e   r e a c t i o n   a g a i n s t   t he   C C A - I I I   p r e p a r a t i o n ,   p l a s m a  

or  any  n o r m a l   human  t i s s u e   e x t r a c t s ,   i t   i s   r e c y c l e d   w i t h  

t h e   C C A - I I I   i m m u n o a d s o r b e n t   c o l u m n .  

(d)  A  C E A - i m m u n o a d s o r b e n t   c o l u m n   i s   p r e p a r e d   by  c o n j u g a t -  

i ng   p u r i f i e d   CEA  to  c y a n o g e n   b r o m i d e - a c t i v a t e d   S e p h a r o s e  

4B  by  a  c o u p l i n g   p r o c e d u r e   i d e n t i c a l   to  t h a t   of  t he   CCA- 

I I I   i m m u n o a d s o r b e n t ,   p r e p a r i n g ,   p r e c y c l i n g   and  e q u i l i b r a t -  

i n g   a  c o l u m n   as  in  p a r t   ( c ) .  

The  C E A - i m m u n o a d s o r b e n t   c o l u m n   i s   i n t r o d u c e d   i n t o  

t he   a u t o m a t e d   c h r o m a t o g r a p h i c   s y s t e m   and  t h o r o u g h l y  

w a s h e d   w i t h   a p y r o g e n i c   P04.   The  q u a n t i t y   of  a n t i - C E A  

s e r u m   to  be  a p p l i e d   w i t h   e a c h   c y c l e   i s   c a l c u l a t e d   on  t h e  

b a s i s   of  t h e   r a d i o i m m u n o a s s a y   t i t r a t i o n ,   t he   s a m p l e   o f  

a n t i s e r u m   i s   d i l u t e d ,   a p p l i e d   and  i n c u b a t e d   as  w i t h   t h e  

C C A - I I I   i m m u n o a d s o r b e n t   c o l u m n .   The  s e r u m   p r o t e i n  

i n c l u d i n g   a l l   n o n - r e a c t i v e   i m m u n o g l o b u l i n s   a r e   e l u t e d  

f rom  t he   c o l u m n   w i t h   P04  and  a r e   c o l l e c t e d   as  t h e  

u n a d s o r b e d   f r a c t i o n .  

The  s p e c i f i c   a n t i - C E A   IgG  is   d i s s o c i a t e d   and  e l u t e d  

f rom  t he   c o l u m n   w i t h   3M  ammonium  t h i o c y a n a t e   in  P04  a n d  

i s   c o l l e c t e d   as  t he   a b s o r b e d   f r a c t i o n .   In  o r d e r   to  r e m o v e  

a l l   t r a c e s   of  t he   ammonium  t h i o c y a n a t e ,   t he   a d s o r b e d  

f r a c t i o n   i s   s u b j e c t e d   to  i n - l i n e   d i a l y s i s   by  t he   use  o f  

h o l l o w   f i b e r   d i a l y s i s   u n i t s   ( A m i c o n   or  B i o R a d )   a g a i n s t   1 



M  u r e a   and  10%  g l y c e r o l   in  P04.   An  a l t e r n a t e   p r o c e d u r e  

fo r   d i s s o c i a t i o n   of  s p e c i f i c   a n t i b o d y   u s e s   g u a n i d i n e  

h y d r o c h l o r i d e   as  a  c h a o t r o p i c   a g e n t   and  S e p h a d e x   G25  g e l  

f i l t r a t i o n   c h r o m a t o g r a p h y   f o r   d e s a l t i n g .  

The  a d s o r b e d   f r a c t i o n   is   c o n c e n t r a t e d   at  4°C  by  

u l t r a f i l t r a t i o n   w i t h   PM  30  m e m b r a n e s   ( A m i c o n )   to  a  v o l u m e  

f a c i l i t a t i n g   ge l   f i l t r a t i o n   c h r o m a t o g r a p h y ,   e . g . ,   a  l o t  

of  100  ml  of  a n t i - C E A   s e rum  is   c o n c e n t r a t e d   to  a p p r o x i m a t e l y  

20  ml.  The  c o n c e n t r a t e   is   d i a l y z e d   a g a i n s t   4  c h a n g e s ,   4 

h o u r s   e a c h ,   of  100  v o l u m e s   of  50  mM,  pH  7 . 5 ,   p h o s p h a t e -  

b u f f e r e d   s a l i n e   ( P B S ) .   The  a n t i - C E A   IgG  p r e p a r a t i o n   i s  

s t e r i l e   f i l t e r e d   i n t o   a  s t e r i l e ,   p y r o g e n - f r e e   s e r u m   v i a l .  

An  a l i q u o t   i s   r e s e r v e d   f o r   q u a l i t y   c o n t r o l   t e s t i n g   by  RIA 

and  i m m u n o d i f f u s i o n .  

(e)   A  S e p h a c r y l   S - 2 0 0   ( P h a r m a c i a )   c o l u m n   is   p r e p a r e d   by  

w a s h i n g   the   ge l   5  t i m e s   w i t h   s t e r i l e ,   n o n - p y r o g e n i c   50 

mM,  pH  7 . 5 ,   PBS.  The  c o l u m n s   a r e   d r y - h e a t   s t e r i l i z e d ,  

180°C  f o r   3  h o u r s .   The  c o l u m n   s i z e s   u s e d   a r e   2 .6   x  90  cm 

or  5 .0   x  90  cm  d e p e n d i n g   on  the   l o t   s i z e   of  t he   a n t i b o d y .  

The  p r e p a r e d   c o l u m n   is   p l a c e d   in  a  r e f r i g e r a t e d   u n i t   o r  

c o l d   room,   e q u i l i b r a t e d   to  4°C  and  t h o r o u g h l y   w a s h e d   w i t h  

s t e r i l e   50  mM  PBS.  The  c o l u m n   is   a t t a c h e d   to  a  U.V.  m o n i t o r  

and  c a l i b r a t e d   w i t h   c o m m e r c i a l   n o r m a l   g o a t   IgG  ( P e n t e x ) ,  

50  mg  in  20  ml  f o r   a  5  x  90  cm  c o l u m n   and  20  mg  in  5  ml  

f o r   t he   2 .6   x  90  cm  c o l u m n .   I t   is   t h e n   w a s h e d   w i t h   t h r e e  

c o l u m n   v o l u m e s   of  P B S .  

The  l o t   of  g o a t   a n t i - C E A   IgG  is  a p p l i e d   to  t h e  

c o l u m n   and  e l u t e d   w i t h   PBS  at   a  f l o w   r a t e   of  6  m l / c m 2 / h r .  

The  f r a c t i o n s   c o n t a i n i n g   IgG  p r o t e i n   a r e   p o o l e d   a n d  

c o n c e n t r a t e d   to  a p p r o x i m a t e l y   5  mg  IgG  p r o t e i n / m l ,  
E1%1 cm=14 at  280  mu,  d i a l y z e d   a g a i n s t   PBS,  s t e r i l e  

f i l t e r e d   w i t h   0 .2   m i c r o n   M i l l e x   u n i t s   ( M i l l i p o r e )   a n d  

s t o r e d   r e f r i g e r a t e d   in  one  ml  a l i q u o t s ,   a p p r o x i m a t e l y   5 

mg  IgG  p r o t e i n / m l ,   w i t h   s o d i u m   a z i d e   as  a  b i o s t a t i c  

a g e n t .  



( f )   Goat   a n t i - C E A   IgG,  7 . 2 - 1 6 . 8   µg  IgG  pe r  mCi  131I ,   i s  

i n j e c t e d   i n t o   a  r a d i o n u c l i d e   v i a l   c o n t a i n i n g   1 3 1 I  

( A m e r s h a m - S e a r l e ) .  

C h l o r a m i n e - T   and  s o d i u m   m e t a b i s u l f i t e   s o l u t i o n s   a r e  

p r e p a r e d   by  t h e   i n j e c t i o n   of  5  ml  of  s t e r i l e   p y r o g e n - f r e e  

0.04 M pH  7 .4   p h o s p h a t e   b u f f e r   i n t o   e a c h   of  two  v i a l s  

c o n t a i n i n g   10  mg  of  c h l o r a m i n e - T   and  50  mg  of  b i s u l f i t e ,  

r e s p e c t i v e l y .   C h l o r a m i n e - T   s o l u t i o n   is   i n j e c t e d ,  

10  p g / m C i   1 3 1 I ,   i n t o   t he   r a d i o n u c l i d e   v i a l .   S o d i u m  

m e t a b i s u l f i t e   s o l u t i o n ,   5  t i m e s   the   a m o u n t   of   c h l o r a m i n e -  

T,  is   i n j e c t e d   i n t o   t he   v i a l   e x a c t l y   90  s e c o n d s   a f t e r   t h e  

c h l o r a m i n e - T .   The  m i x t u r e   i s   r e m o v e d   f rom  t he   r e a c t i o n  

v i a l   w i t h   a  s t e r i l e   s y r i n g e ,   t h e   r e a c t i o n   v i a l   i s   r i n s e d  

t w i c e   w i t h   1%  n o r m a l   human  s e r u m   a l b u m i n ,   and  t h e   r i n s e s  

c o m b i n e d   w i t h   t he   r e a c t i o n   m i x t u r e .  

The  s a m p l e   of  1 3 1 I - a n t i - C E A   IgG  is   a p p l i e d   to  a  P D -  

10  S e p h a d e x   G - 2 5 -  c o l u m n   w h i c h   i s   p r e - e q u i l i b r a t e d   w i t h   1% 

n o r m a l   human  s e r u m   a l b u m i n   in  PBS,  e l u t e d   w i t h   a p p r o x i -  

m a t e l y   4 . 5   ml  of  1%  n o r m a l   human  s e r u m   a l b u m i n   in  P B S ,  

m i n i t o r e d   w i t h   a  s h i e l d e d   gamma  d e t e c t o r   ( E b e r l i n e ) ,  

c o l l e c t e d   and  d i l u t e d   to  a  p r e d e t e r m i n e d   c o n c e n t r a t i o n  

f o r   s t o r a g e   and  u s e .  

The  r e s u l t a n t   1 3 1 I - a n t i - C E A   IgG  has   an  a v e r a g e   o f  

f rom  3  to  7  a t o m s   of  i o d i n e   pe r   a n t i b o d y   m o l e c u l e .   R a n d o m  

a l i q u o t s   f rom  e a c h   b a t c h   a r e   s e p a r a t e l y   t e s t e d   f o r  

s t e r i l i t y ,   p y r o g e n i c i t y ,   t o x i c i t y   and  o t h e r   q u a l i t y  

c o n t r o l   v a r i a b l e s .  

EXAMPLE  2 

P r e p a r a t i o n  o f  m o n o c l o n a l  1 3 1 I - a n t i - C E A   I g G  

F e m a l e ,   6 - m o n t h - o l d ,   B a l b / C   mice   a r e   i n j e c t e d   w i t h  

1 0  -   1 0 0  p g   c a r c i n o e m b r y o n i c   a n t i g e n   i n t r a p e r i t o n e a l l y ,  

w h e r e b y   t h e   CEA  is   m ixed   in  an  e q u a l   v o l u m e   ( 1 0 - 1 0 0  

µ l )   of  i n c o m p l e t e   F r e u n d ' s   a d j u v a n t .   T h i s   i s   r e p e a t e d  

one  week  l a t e r ,   and  a g a i n   two  w e e k s   l a t e r ,   bu t   l a s t l y  

u s i n g   the   i n t r a v e n o u s   r o u t e   w i t h o u t   a d j u v a n t .   T h r e e   t o  



f o u r   days   l a t e r ,   the   mice   a re   k i l l e d   by  c e r v i c a l   d i s l o c a -  

t i o n .   The  o p t i m u m   t ime   fo r   o b t a i n i n g   a n t i b o d y   a g a i n s t   a 

g i v e n   a n t i g e n   v a r i e s   w i t h   the   a n t i g e n ,   the   r o u t e   o f  

a d m i n i s t r a t i o n ,   and  the   t i m i n g   of  i m m u n i z a t i o n ,   as  w e l l  

as  the   i n t e r v a l   b e t w e e n   the   l a s t   b o o s t e r   i n j e c t i o n   a n d  

the   r e m o v a l   of  t he   s p l e e n   c e l l s .  

The  s p l e e n s   a r e   r e m o v e d   and  p l a c e d   in  60  mm  P e t r i  

d i s h e s   c o n t a i n i n g   e i t h e r   s e r u m - f r e e   medium  or  D u l b e c c o ' s  

M o d i f i e d   E a g l e ' s   Medium  (DMEM)  w i t h   20%  f e t a l   c a l f   s e r u m ,  

at  room  t e m p e r a t u r e ,   and  m i n c e d   w i t h   s c i s s o r s   to  d i s p e r s e  

the   c e l l s .   The  c e l l s   a r e   f u r t h e r   l i b e r a t e d   by  a g i t a t i o n  

f o r   1-2  min  on  a  V o r t e x   m i x e r .   The  s p l e e n   c e l l s   a r e  

r e m o v e d   to  a  c o n i c a l   c e n t r i f u g e   t u b e   and  p e l l e t e d   a t  

1 , 0 0 0   rpm  in  an  IEC-MS2  c e n t r i f u g e ,   t he   s u p e r n a n t   i s  

r e m o v e d ,   the   p e l l e t   t a p p e d   l o o s e ,   and  t h e n   r e s u s p e n d e d   i n  

5  ml  of  c o l d   0 . 1 7   NH4Cl  f o r   10  min  to  l y s e   red   b l o o d  

c e l l s .   C h i l l e d   DMEM  w i t h   20%  f e t a l   c a l f   s e rum  is   a d d e d  

and  the   c e l l s   p e l l e t e d ,   and  t h e n   a g a i n   s u s p e n d e d   in  10  ml  

DMEM  s u p p l e m e n t e d   w i t h   20%  f e t a l   c a l f   s e r u m .  

The  m y e l o m a   c e l l   l i n e s   u s e d   f o r   f u s i o n   a re   m a i n -  

t a i n e d   in  s t a t i o n a r y   s u s p e n s i o n   c u l t u r e s   in  DMEM  w i t h  

h i g h   g l u c o s e   ( 4 . 5   g / L )   and  20%  f e t a l   c a l f   s e r u m ,   in  5 - 1 0 %  

C02  at  a  c e l l   c o n c e n t r a t i o n   b e t w e e n   1 0 0 , 0 0 0   and  1 , 0 0 0 , 0 0 0  

pe r   ml.  The  m y e l o m a   ( p l a s m a c y t o m a )   c e l l   l i n e s   can  b e  

P 3 - X 6 3 - A g 8 ,   w h i c h   is   a  B a l b / C   p l a s m a c y t o m a   d e r i v e d   f r o m  

MOPC-21,  r e p o r t e d   by  S v a s t i   and  M i l s t e i n ,   B i o c h e m .   J . ,  

128 ,   4 2 7 - 4 4 4   ( 1 9 7 2 ) ,   or  a  d e r i v a t i v e   t h e r e o f   known  as  FO 

( F a z e k a s   de  S t .   G r o t h   and  S c h e i d e g g e r ,   B a s l e   I n s t i t u t e   o f  

I m m u n o l o g y ,   B a s l e ,   S w i t z e r l a n d ) ,   or  4 5 . 6 T G 1 . 7 ,   w h i c h   is  a 

B a l b / C   l i n e   d e r i v e d   from  MPC-11,   r e p o r t e d   by  M a r g u l i e s   e t  

a l . ,   C e l l ,   8,  4 0 5 - 4 1 5   ( 1 9 7 6 ) .   Al l   of  t h e s e   l i n e s   l a c k  

the   enzyme  h y p o x a n t h i n e   p h o s p h o r i b o s y l   t r a n s f e r a s e   (HPRT;  

E.C.   2 . 4 . 2 . 8 )   and  a r e   t h u s   k i l l e d   in  a  s e l e c t i v e   m e d i u m  

c o n t a i n i n g   h y p o x a n t h i n e ,   a m i n o p t e r i n ,   and  t h y m i d i n e  

(HAT),  as  d e s c r i b e d   by  L i t t l e f i e l d ,   S c i e n c e ,   145,   7 0 9 - 7 1 0  



( 1 9 6 4 ) .  

The  s p l e e n   c e l l s   o b t a i n e d   f rom  t h e   i m m u n i z e d   a n i m a l  

a r e   t h e n   f u s e d   w i t h   t h e   p l a s m a c y t o m a   c e l l s   by  u s i n g   p o l y -  

e t h y l e n e   g l y c o l   a c c o r d i n g   to  an  a d a p t a t i o n   of  t he   m e t h o d  

of  G e l f e r   et   a l . ,   S o m a t i c   C e l l   G e n e t i c . ,   3,  2 3 1 - 2 3 6   ( 1 9 7 7 ) .  

For  e x a m p l e ,   a  30%  p o l y e t h y l e n e   g l y c o l   s o l u t i o n   i s   m a d e  

by  h e a t i n g   s t e r i l e   p o l y e t h y l e n e   g l y c o l   4000  ( M e r c k ,   m o l e c u -  

l a r   w e i g h t   of  a b o u t   4 , 0 0 0 )   ( 0 . 5   g  P o l y e t h y l e n e   g l y c o l   + 

0 . 0 5   ml  d i m e t h y l s u l f o x i d e   (DMSO)  +  0 .5   ml  d i s t i l l e d  w a t e r )  

and  DMEM  w i t h o u t   s e r u m   to  410C  and  m i x i n g   3  ml  of  p o l y -  

e t h y l e n e   g l y c o l   w i t h   7  ml  DMEM  w i t h o u t   s e r u m ,   pH  7 . 4  -   7 . 6 ,  

and  k e p t   at   37°C  u n t i l   u s e .   F u s i o n s   a r e   made  at   r o o m  

t e m p e r a t u r e .   The  m y e l o m a   c e l l s   ( 1 0 6  -   107)   a r e   w a s h e d  

t w i c e   in  s e r u m - f r e e   med ium  and  t h e n   m i x e d   w i t h   1-3  x  1 0 7  

-  1-3  x  108  s p l e e n   c e l l s   in  50  ml  c o n i c a l   b o t t o m   c e n t r i f u g e  

t u b e s   ( F a l c o n   2 0 7 0 ) .   The  c e l l s   a r e   c e n t r i f u g e d   a t   250  x  g  
f o r   5  min ,   and  the   s u p e r n a t a n t   f l u i d   i s   c a r e f u l l y   a s p i r a t e d .  

An  a m o u n t   of  0 . 2   ml  of  t he   p o l y e t h y l e n e   g l y c o l   p r e p a r a t i o n  

i s   a d d e d ,   and  the   t u b e   i s   g e n t l y   a g i t a t e d   by  hand  t o  

r e s u s p e n d   t he   c e l l s .   N e x t ,   t h e   c e l l s   a r e   c e n t r i f u g e d   f o r  

3  min  a t   250  x  g  and  a g a i n   a t   400  x  g  f o r   a n o t h e r   3  m i n ,  

and  t h e n   k e p t   u n d i s t u r b e d   f o r   an  a d d i t i o n a l   3  min .   T h e  

c e l l s   a r e   e x p o s e d   to  p o l y e t h y l e n e   g l y c o l   f o r   a b o u t   8 

m i n u t e s .   T h e r e a f t e r ,   a b o u t   5  ml  of  s e r u m - f r e e   medium  i s  

a d d e d   to  t h e   t u b e ,   t h e   c e l l s   a r e   r e s u s p e n d e d   g e n t l y ,   a n d  

t h e n   r e p e l l e t e d   by  c e n t r i f u g a t i o n   a t   250  x  g  f o r   5  m i n .  

The  s u p e r n a t a n t   i s   r e m o v e d   and  the   c e l l s   a r e   s u s p e n d e d   i n  

20  ml  of  s e r u m - c o n t a i n i n g   medium  and  i n c u b a t e d   at   37°C  i n  

a  h u m i d i f i e d   i n c u b a t o r   f o r   48  h r .   b e f o r e   b e i n g   p l a c e d   i n  

m i c r o p l a t e s   to  w h i c h   HAT  medium  is   a d d e d .   A l t e r n a t i v e l y ,  

t he   c e l l s   a r e   i m m e d i a t e l y   s u s p e n d e d   in  30  ml  of  a  m e d i u m  

c o n s i s t i n g   of  DMEM,  10%  NCTC  109  medium  ( M i c r o b i o l o g i c a l  

A s s o c i a t e s ) ,   20%  f e t a l   c a l f   s e r u m   (GIBCO) ,   0 .2   u n i t s  

b o v i n e   i n s u l i n / m l   ( S i g m a ) ,   0 . 4 5   mM  p y r u v a t e ,   1  mM 

o x a l o a c e t a t e ,   and  a n t i b i o t i c s   of  c h o i c e .   T h y m i d i n e   ( 1 . 6  



x  10-5   M)  and  h y p o x a n t h i n e   (1  x  10 -4   M)  a r e   a d d e d .   The  

c e l l s   in  t h i s   medium  a r e   d i s t r i b u t e d   i n t o   6  m i c r o p l a t e s  

( L i n b r o   FB  96  TC)  w i t h   1  d r o p   ( a b o u t   50  u l )   pe r   w e l l .  

The  n e x t   day  1  d rop   of  t he   a b o v e - s p e c i f i e d   m e d i u m  

c o n t a i n i n g   t h y m i d i n e   and  h y p o x a n t h i n e ,   now  w i t h   a m i n o p t e r i n  

(8  x  10-7   M),  i s   added   to  e a c h   w e l l .   Two  d r o p s   of  t h e  

medium  of  a b o v e   is  a d d e d   6-7  d a y s   l a t e r   and  c l o n e s   a p p e a r  

m i c r o s c o p i c a l l y   b e t w e e n   10  and  20  d a y s .   The  h y p o x a n t h i n e -  

a m i n o p t e r i n - t h y m i d i n e   (HAT)  medium  can  a l s o   be  a d d e d  

i m m e d i a t e l y   a f t e r   the   f u s i o n ,   or  at   a  l a t e r   t i m e .   An 

i m p r o v e m e n t   in  the   number   of  h y b r i d s   o b t a i n e d   is   m a d e  

when  a  f e e d e r   l a y e r   is   a d d e d   to  e a c h   m i c r o w e l l .   H e r e ,  

human  f e t a l   f i b r o b l a s t s   a r e   i r r a d i a t e d   w i t h   4500  r,   a n d  

1 , 0 0 0  -   2 , 0 0 0   such   c e l l s   a r e   a d d e d   to  e a c h   w e l l ,   e i t h e r  

the   day  b e f o r e   the   f u s i o n   or  d i r e c t l y   to  the   f u s e d   c e l l s  

and  so  d i s p e n s e d   w i t h   them  i n t o   t he   m i c r o w e l l s .   A f t e r  

c l o n e s   have   a p p e a r e d   m a c r o s c o p i c a l l y ,   t he   medium  i s  

c h a n g e d   by  r e m o v i n g   most   of  t he   medium  and  a d d i n g   f r e s h  

medium.   A f t e r   a  s e c o n d   c h a n g e   of  m e d i u m ,   t he   medium  i s  

l e f t   t h e r e   f o r   at  l e a s t   4  d a y s   and  t h e n   c o l l e c t e d   f o r  

a s s a y s   of  a n t i b o d y   a c t i v i t y   and  s p e c i f i c i t y   by  c o n v e n t i o n a l  

a s s a y s .  

L a r g e   a m o u n t s   of  a n t i b o d y   a r e   o b t a i n e d   f rom  s p e n t  

c u l t u r e   medium  h a r v e s t e d   f rom  150  mm  p l a t e s   or  r o l l e r  

b o t t l e s .   The  medium  is   s u b s e q u e n t l y   c o n c e n t r a t e d   by  

means   of  a  h o l l o w - f i b e r   c o n c e n t r a t o r   ( A m i c o n ) .   A l s o ,  

a n t i b o d y   is   o b t a i n e d   f rom  the   a s c i t e s   f l u i d   of  a t h y m i c  

( n u d e )   mice   ( n u / n u )   t h a t   were   i n j e c t e d   2-3  weeks   p r e v i o u s l y  

w i t h   a b o u t   1  b i l l i o n   c l o n e d   h y b r i d o m a   c e l l s .   The  a s c i t e s  

f l u i d   is   d i l u t e d   w i t h   s a l i n e   by  f l u s h i n g   the   p e r i t o n e a l  

c a v i t y   of  e a c h   mouse   w i t h   s a l i n e ,   and  the   d i l u t e d   f l u i d s  

from  e a c h   mouse   a r e   p o o l e d .  

The  m o n o c l o n a l   a n t i - C E A   IgG  is   r a d i o l a b e l e d   w i t h   I -  

131  as  in  E x a m p l e   l ( f ) .  



EXAMPLE  3 

P r e p a r a t i o n   of  1 2 3 I - I g G ( g o a t )   . 

Normal  goat  immunoglobul in   G  ( I g G ) ( M i l e s )   is  a f f i n i t y  

p u r i f i e d   a g a i n s t   cyanogen  b r o m i d e - l i n k e d   CEA  and  l a b e l e d   w i t h  

1-123,  using  the  p rocedure   of  Example  l ( f ) ,   except   t ha t   1 -123  

is  s u b s t i t u t e d   for  1-131,  with  p r o p o r t i o n a l   changes  in  t h e  

r e a g e n t s   to  account   for  d i f f e r e n c e s   in  s p e c i f i c   a c t i v i t y .   C a r r i e r  

iod ine   may  be  added  to  a d j u s t   the  s p e c i f i c   a c t i v i t y   of  the  l a b e l e d  

an t ibody   to,  e . g . ,   100-500  µCi/µg.   The  amount  of  added  c a r r i e r  

iod ine   wi l l   de t e rmine   the  s p e c i f i c   a c t i v i t y   of  the  l a b e l e d   a n t i b o d y  

mo lecu l e s ,   for  a  given  number  of  i od ine   atoms  per  a n t i b o d y .  

EXAMPLE  4 

P r e p a r a t i o n   of  131I -an t i -CEA-10B  IgG 

(a)  Anti-CEA  IgG  p repared   a c c o r d i n g   to  Examples  1  or  2  is  r e a c t e d  

with  a  2 0 - f o l d   molar  excess   of  the  d iazonium  s a l t   of  1 - ( 3 - a m i n o -  

p h e n y l ) - 1 , 2 - d i c a r b a c l o s o - d o d e c a r b o r a n e   (12)  having  a  n a t u r a l   abundance  

of  Boron-10  i s o t o p e   (20%),  us ing  the  p rocedure   of  Hawthorne  et  a l . ,  

J.  Med.  Chem.,  15,  449  (1972).   The  r e s u l t a n t   an t i body   has  an 

average  of  from  2  to  10  d i a z o - l i n k e d   c a rbo rane   r e s i d u e s   or  from  4 

to  20  Boron-10  atoms  per  an t ibody   m o l e c u l e .  

(b)  The  anti-CEA-10B  IgG  of  par t   (a)  is  r a d i o l a b e l e d   with  I-131  a s  

in  Example  l ( f ) ,   to  i n t r o d u c e   an  average   of  from  1  to  10  atoms  o f  

iod ine   per  an t ibody   m o l e c u l e .  

EXAMPLE  5 

P r e p a r a t i o n   of  i n j e c t a b l e   c o m p o s i t i o n s  

S t e r i l e ,   p y r o g e n - f r e e   s o l u t i o n s   are  p repared   as  shown. 

(a)  A  s t e r i l e   s o l u t i o n   c o n t a i n i n g ,   per  ml :  

(1)  34  mg  Human  Serum  Albumin  (HSA)  (1%,  USP,  P a r k e - D a v i s )  

(2)  0.04  M  phospha te   b u f f e r ,   pH  7.4  ( B i o w a r e )  

(3)  0.9%  NaCl 

(4)  10  µg  131I -an t i -CEA  IgG  (goat)   p repa red   a c c o r d i n g   t o  

Example  I  ( average   of  about  5  atoms  of  i o d i n e / m o l e c u l e ,   s p e c i f i c  

a c t i v i t y   of  about  80  µ C i / µ g ) .  



The  l a b e l e d   a n t i b o d y   o f  E x a m p l e   1  i s   s t o r e d   in  a 

s o l u t i o n   of  ( 1 ) ,   (2)  and  (3)  at  a  c o n c e n t r a t i o n   of  20 

µg/ml  and  d i l u t e d   w i t h   an  e q u a l   v o l u m e   of  1%  HSA  i s  

p h o s p h a t e   b u f f e r e d   s a l i n e   (PBS)  to  p r e p a r e   t h i s   s o l u t i o n .  

(b)  A  s t e r i l e   s o l u t i o n   a c c o r d i n g   to  the   p r o c e d u r e   of  p a r t  

(a)  e x c e p t   t h a t   i t   f u r t h e r   c o n t a i n s  1 5 . 1   µg /ml   of  1 2 3 I - I g G  

as  p r e p a r e d   in  Example  3.  The  123I-IgG,  at  a  s p e c i f i c   a c t i v i t y   o f  

500 µ Ci/µg,  is  s to red   in  phosphate   bu f fe red   s a l i n e   c o n t a i n i n g   1%  HSA 

at  a  c o n c e n t r a t i o n   of  10.2  µg/ml.   An  equal  volume  of  t h i s   s o l u t i o n  

is  used   in  p l a c e   of  1%  HSA  in  PBS  in  t he   p r o c e d u r e   o f  

p a r t   ( a ) .  

(c)   A  s t e r i l e   s o l u t i o n   a c c o r d i n g   to  the   p r o c e d u r e   of  p a r t  

(b)  e x c e p t   t h a t   the   a n t i b o d y   is   the   1 3 1 I - a n t i - C E A   I g G  

( m o n o c l o n a l )   p r e p a r e d   a c c o r d i n g   to  E x a m p l e   2,  s t o r e d   i n  

1%  HSA  in  PBS  at  a  c o n c e n t r a t i o n   of  20  µg /ml   and  h a v i n g  

c o m p a r a b l e   a c t i v i t y .  

(d)  A  s t e r i l e   s o l u t i o n   a c c o r d i n g   to  t he   p r o c e d u r e   of  p a r t  

(b)  e x c e p t   t h a t   the   a n t i b o d y   is   the   1 3 1 - I - a n t i - C E A - 1 0 B  

IgG  p r e p a r e d   a c c o r d i n g   to  E x a m p l e   4,  h a v i n g   an  a v e r a g e   o f  

5  d i a z o - l i n k e d   c a r b o r a n e   r e s i d u e s   and  1  atom  of  i o d i n e  

per   a n t i b o d y   m o l e c u l e ,   and  a  s p e c i f i c   a c t i v i t y   of  a b o u t  

16  µ C i / µ g .   The  f i n a l   s o l u t i o n   c o n t a i n s   5 0 . 4  µ g / m l   of  t h e  

a n t i b o d y .  

EXAMPLE  6 

Tumor  L o c a l i z a t i o n  

R a d i o i o d i n a t e d   a n t i - C E A   IgG  is   a d m i n i s t e r e d   t o  

p a t i e n t s   w i t h   s u s p e c t e d   t u m o r s .   The  p a t i e n t   is   p r e -  
t e s t e d   f o r   a n a p h y l a c t i c   h y p e r s e n s i t i v i t y   to  g o a t   IgG  o r  

mye loma  IgG.  To  b l o c k   t h y r o i d   u p t a k e   of  1 - 1 3 1   or  1 - 1 2 3 ,  

L u g o l ' s   s o l u t i o n   ( P u r e p a c k )   is   a d m i n i s t e r e d   by  m o u t h ,   5 

d r o p s   t w i c e   d a i l y   f o r   s e v e n   days   b e g i n n i n g   one  day  b e f o r e  

i n j e c t i o n   of  the   r a d i o a c t i v e l y   l a b e l e d   a n t i b o d y .  

L o c a l i z a t i o n   is   e f f e c t e d   a c c o r d i n g   to  the   p r o c e d u r e  

of  G o l d e n b e r g   et  a l . ,   N .  E n g .  J .  M e d . ,   298 ,   1384  ( 1 9 7 8 ) ,  



by  i n f u s i o n   of  3.5  ml  of  a  s o l u t i o n   of  1 3 1 I - a n t i - C E A   I g G  

c o n t a i n i n g   1 2 3 I - I g G   p r e p a r e d   a c c o r d i n g   to  E x a m p l e   5 ( b )   o r  

5 ( c )   in  20  ml  of  s t e r i l e   p h y s i o l o g i c a l   s a l i n e   o v e r   a  

p e r i o d   of  f rom  10  m i n u t e s   to  45  m i n u t e s .   No  T c - 9 9 m   c o m -  

p o u n d s   a r e   u s e d ,   t he   s u b t r a c t i o n   t e c h n i q u e   b e i n g   a d a p t e d  

in  a  c o n v e n t i o n a l   f a s h i o n   to  d i s c r i m i n a t e   b e t w e e n   1 3 1 1  

and  1 2 3 I .   S c a n s   a r e   t a k e n   i m m e d i a t e l y   and  at  2,  8,  1 2 ,  

24,  48  and  72  h o u r s   a f t e r   i n j e c t i o n   of  t he   a n t i b o d y   i s  

c o m p l e t e d .  

S i g n i f i c a n t   l o c a l i z a t i o n   i s   s e e n   a f t e r   2  h o u r s ,  

w i t h   i m p r o v e d   r e s o l u t i o n   w i t h   t i m e ,   t e n d i n g   to  p l a t e a u  

b e t w e e n   8  and  24  h o u r s   a f t e r   i n j e c t i o n .   No  a d d i t i o n a l  

b a c k g r o u n d   1 2 3 I - I g G   is   a d d e d .   The  C E A - s e l e c t i v i t y   o f  

t h i s   m e t h o d   i s   c o m p a r a b l e   to  t he   e a r l i e r   G o l d e n b e r g   e t  

a l .   m e t h o d ,   bu t   t h e   r e s o l u t i o n ,   r a p i d i t y   and  c o n v e n i e n c e  

a r e   e n h a n c e d   s i g n i f i c a n t l y .  

EXAMPLE 7 

Tumor  T h e r a p y  

(a)  A  p a t i e n t   h a v i n g   an  o v a r i a n   c a n c e r ,   o p t i o n a l l y   d e t e c t e d  

and  l o c a l i z e d   by  t he   p r o c e d u r e   of  E x a m p l e   6,  i s   i n j e c t e d  

by  i n t r a v e n o u s   i n f u s i o n   w i t h   150  mCi  of  t he   s o l u t i o n   o f  

E x a m p l e   5 ( a )   in  50  ml  of  s t e r i l e   p h y s i o l o g i c a l   s a l i n e .  

R e d u c t i o n   in  t u m o r   s i z e   i s   o b s e r v e d   w i t h i n   20  d a y s .   T h e  

dose   i s   r e p e a t e d   a t   i n t e r v a l s   a d j u s t e d   on  an  i n d i v i d u a l  

b a s i s .  

(b)  A  p a t i e n t   h a v i n g   a  c e r v i c a l   c a n c e r   o p t i o n a l l y   d e t e c t e d  

and  l o c a l i z e d   by  t h e   p r o c e d u r e   of  E x a m p l e   6  is   i n j e c t e d  

w i t h   an  a m o u n t   of  t he   s o l u t i o n   of  E x a m p l e   5 ( d )   ( i n   50  ml  

of  s t e r i l e   p h y s i o l o g i c a l   s a l i n e )   s u f f i c i e n t   to  p r o v i d e  
2.8  mCi  of  1 3 1 I   a c t i v i t y   b a s e d   on  a  70  kg  p a t i e n t   w e i g h t .  

The  t u m o r   i s   p r e c i s e l y   l o c a l i z e d   12  h o u r s   a f t e r  

i n j e c t i o n   u s i n g   t he   p r o c e d u r e   of  E x a m p l e   6.  A  w e l l   c o l l i -  

m a t e d   beam  of  t h e r m a l   n e u t r o n s   i s   f o c u s e d   on  the   d e f i n e d  

tumor   l o c a t i o n s .   I r r a d i a t i o n   w i t h   3X1012  n e u t r o n s   p e r  c m 2  



is   e f f e c t e d   for   each  tumor  l ocus ,   and  is  o p t i o n a l l y   r e p e a t e d  
with  a d m i n i s t r a t i o n   of  the  t u m o r - l o c a l i z i n g   a n t i b o d y ,   w i t h  

or  without   the  r a d i o l a b e l ,   at  i n t e r v a l s   a d j u s t e d   on  an  i n d i -  

vidual   bas i s .   S u c c e s s f u l   tumor  r e d u c t i o n   is  o b s e r v e d .  

EXAMPLE  8 

P r e p a r a t i o n   of  1 3 1 I - a n t i - H C G   I g G ( g o a t )  

(a)  A n t i b o d i e s   to  HCG  ( a n t i - H C G )   a r e   p r e p a r e d   by  t h e  

m e t h o d   of  B a g s h a w e ,   in  " M e t h o d s   in  I n v e s t i g a t i v e   a n d  

D i a g n o s t i c   E n d o c r i n o l o g y ,   P a r t   I I I ,   P e p t i d e   H o r m o n e s " ,  

B e a r s o n   et  a l ,   E d s . ,   p a g e s   7 5 6 - 7 6 3   ( N o r t h - H o l l a n d ,  

A m s t e r d a m ,   1 9 7 3 ) .  

A n t i b o d i e s   to  t h e   β - s u b u n i t   of  HCG  ( a n t i - H C G - S   I g G )  

a re   p r e p a r e d   by  t he   m e t h o d   of  V a i t u k a i t i s   et  a l ,   A m .  J .  

O b s t e t .  G y n e c o l . ,   113 ,   751  ( 1 9 7 2 ) .  

(b)  The  a n t i b o d i e s   p r e p a r e d   in  p a r t   (a)   a r e   f u r t h e r  

p u r i f i e d   as  s e r u m   s o l u t i o n s .   The  p r o c e d u r e   is   t he   s a m e  

f o r   a n t i - H C G   IgG  and  a n t i - H C G - β   I g G .  

The  c o m p l e m e n t   of  a n t i - H C G   (o r   a n t i - H C G - S )   s e r u m   i s  

i n a c t i v a t e d   by  i n c u b a t i o n   at   56°C  f o r   one  h o u r ,   and  f r e e d  

of  a n t i - b l o o d   AB  human  RBC's   w i t h   a  s e r u m / R B C   r a t i o   c a l -  

c u l a t e d   f rom  the   h e m a g g l u t i n a t i o n   a s s a y ,   u n t i l   no  f u r t h e r  

h e m a g g l u t i n a t i o n   a c t i v i t y   can  be  d e t e c t e d .   The  a d s o r b e d  

a n t i - H C G   s e r u m   i s   t h e n   d i a l y z e d   a g a i n s t   s e v e r a l   v o l u m e s  

of  0 .1   M  pH  7 .0   p h o s p h a t e   b u f f e r   ( P O 4 ) .  

(c)   A  human  u r i n a r y   p r o t e i n   (HUP)  i m m u n o a d s o r b e n t   i s  

p r e p a r e d   by  c o n j u g a t i n g   p u r i f i e d   HUP  to  c y a n o g e n   b r o m i d e -  

a c t i v a t e d   S e p h a r o s e   4B,  an  H U P - i m m u n o a d s o r b e n t   c o l u m n   i s  

p r e p a r e d ,   and  t h e   a n t i - H C G   (o r   a n t i - H C G - β )   is  p u r i f i e d  

and  t e s t e d   a n a l o g o u s l y   to  the   p r o c e d u r e   of  E x a m p l e   l ( c ) .  

(d)  An  H C G - i m m u n o a d s o r b e n t   c o l u m n   is   p r e p a r e d   by  c o n -  

j u g a t i n g   p u r i f i e d   HCG  to  c y a n o g e n   b r o m i d e - a c t i v a t e d  



S e p h a r o s e   4B  by  a  c o u p l i n g   p r o c e d u r e   i d e n t i c a l   to  t h a t  

of  t he   HUP  i m m u n o a d s o r b e n t ,   p r e p a r i n g ,   p r e c y c l i n g   a n d  

e q u i l i b r a t i n g   a  c o l u m n   as  in  p a r t   ( c ) .  

The  H C G - i m m u n o a d s o r b e n t   c o l u m n   i s   i n t r o d u c e d   i n t o  

t he   a u t o m a t e d   c h r o m a t o g r a p h i c   s y s t e m   and  a n t i - H C G   s e r u m  

f rom  p a r t   (c)   a b o v e   i s   p u r i f i e d   a n a l o g o u s l y   to  t he   p r o -  

c e d u r e   of  E x a m p l e   l ( d ) .  

The  a n t i - H C G   IgG  p r e p a r a t i o n   i s   s t e r i l e   f i l t e r e d  

i n t o   a  s t e r i l e ,   p y r o g e n - f r e e   s e r u m   v i a l .   An  a l i q u o t   i s  

r e s e r v e d   f o r   q u a l i t y   c o n t r o l   t e s t i n g   by  RIA  and  i m m u n o d i f -  

f u s i o n .  

(e)   A  S e p h a c r y l   S - 2 0 0   ( P h a r m a c i a )   c o l u m n   i s   p r e p a r e d ,   a n d  

t he   l o t   of  g o a t   a n t i - H C G   IgG  f rom  p a r t   (d)   a b o v e   i s   p u r i -  

f i e d   a n a l o g o u s l y   to  t h e   p r o c e d u r e   of  E x a m p l e   l ( e ) ,   a n d  

s t o r e d   r e f r i g e r a t e d   in  one  ml  a l i q u o t s ,   a p p r o x i m a t e l y   5 

mg  IgG  p r o t e i n / m l ,   w i t h   s o d i u m   a z i d e   as  a  b i o s t a t i c  

a g e n t .  

( f )   Goat   a n t i - H C G   IgG,   7 . 2 - 1 6 . 8 u  g   IgG  per  mCi  131I,  is  i n j e c t e d  

i n t o   a  r a d i o n u c l i d e   v i a l   c o n t a i n i n g   1 3 1 I   ( A m e r s h a m -  

S e a r l e ) ,   l a b e l e d ,   p u r i f i e d   and  s t o r e d   a n a l o g o u s l y   to  t h e  

p r o c e d u r e   of  E x a m p l e   l ( f ) .  

The  r e s u l t a n t   1 3 1 I - a n t i - H C G   IgG  or  1 3 1 I - a n t i - H C G - β  

IgG  has   an  a v e r a g e   of  f rom  3  to  7  a t o m s   of  i o d i n e   p e r  

a n t i b o d y   m o l e c u l e .   Random  a l i q u o t s   f rom  e a c h   b a t c h   a r e  

s e p a r a t e l y   t e s t e d   f o r   s t e r i l i t y ,   p y r o g e n i c i t y ,   t o x i c i t y  

and  o t h e r   q u a l i t y   c o n t r o l   v a r i a b l e s .  

EXAMPLE  9 

(a)   P r e p a r a t i o n - o f  1 3 1 I - a n t i - A F P   IgG  ( g o a t )  

H y p e r i m m u n e   g o a t   a n t i s e r u m   i s   p r e p a r e d   by  r e p e a t e d  

i n t r a d e r m a l   i n j e c t i o n s   of  human  AFP  p u r i f i e d   by  t he   p r o c e d u r e  

of  N i s h i ,   C a n c e r  R e s . ,   30,  2507  ( 1 9 7 0 ) .   The  s p e c i f i c i t y  

of  t he   a n t i s e r u m   is   c o n f i r m e d   by  d o u b l e   g e l   d i f f u s i o n ,  

i m m u n o e l e c t r o p h o r e s i s   and  r a d i o i m m u n o a s s a y .   I m m u n o -  

e l e c t r o p h o r e t i c a l l y   p u r e   IgG  is   p r e p a r e d   by  D E A E - c e l l u -  

l o s e   c h r o m a t o g r a p h y   of  10  ml  a n t i s e r u m ,   f o l l o w e d   b y  



c o n c e n t r a t i o n   o v e r   an  Amicon  PM-30  m e m b r a n e .   At  a  c o n c e n -  

t r a t i o n   of  4 .2   m g / m l ,   the   g o a t   a n t i - A F P   IgG  has   a  r a d i o i m -  

m u n o a s s a y   t i t e r   of  3  x  105  u s i n g   50  p e r c e n t   b i n d i n g   of  a 

2  ng  l a b e l e d   a n t i g e n   as  t he   end  p o i n t .  

The  a n t i b o d y   is  r a d i o l a b e l e d   w i t h   1 - 1 3 1   a n a l o g o u s l y  

to  the   p r o c e d u r e   of  E x a m p l e   l ( f ) ,   p u r i f i e d   and  s t o r e d   a s  

d e s c r i b e d   in  t h a t   E x a m p l e .  

(b)  P r e p a r a t i o n  o f  1 3 1 I - a n t i - C S A p   I g G  ( g o a t )  

A n t i - C S A p   se rum  is   p r e p a r e d   by  h o m o g e n i z i n g   GW-39 

human  c o l o n   c a n c e r   x e n o g r a f t   t u m o r s   in  5  v o l u m e s   of  d e -  

i o n i z e d   w a t e r   ( w / v )   u n d e r   i c e   w a t e r   by  a  p o l y t r o n   at   f u l l  

s p e e d   f o r   2  m i n u t e s .   The  h o m o g e n a t e   i s   t h e n   c e n t r i f u g e d  

at  4 8 , 0 0 0   x  g  f o r   1  h o u r .   The  c l e a r   s u p e r n a t a n t   is   u s e d  

as  i m m u n o g e n .   The  p r o t e i n   c o n t e n t   of  t he   i m m u n o g e n   is  7 

mg/ml  as  e s t i m a t e d   by  L o w r y ' s   m e t h o d .   A  g o a t   is   i m m u n i z e d  

w i t h   5  ml  (35  mg  p r o t e i n )   of  t he   h o m o g e n a t e   e m u l s i f i e d   i n  

5  ml  of  c o m p l e t e   F r e u n d ' s   a d j u v a n t ,   g i v e n   s u b c u t a n e o u s l y  

in  the   neck   of  the   g o a t .   B o o s t e r   i m m u n i z a i t o n s   a r e  

c o n t i n u e d   at   3-4  weeks   i n t e r v a l s .   The  g o a t   i s   t r i a l   b l e d  

each   month   and  the   s e rum  is   t e s t e d   f o r   a n t i b o d y   p r o d u c t i o n .  

B l e e d i n g   of  t he   1 0 t h   month   and  of  t he   l a t e r   d a t e s   a r e  

p r o c e s s e d   by  a f f i n i t y   m e t h o d s   f o r   p r e p a r a t i o n   of  s p e c i f i c  

a n t i - C S A p   a n t i b o d i e s .  

The  a n t i - C S A p   a n t i b o d i e s   a r e   a f f i n i t y   p u r i f i e d  

a g a i n s t   v a r i o u s   o r g a n   and  t i s s u e   e x t r a c t s .   T i s s u e  

e x t r a c t s   of  human  c o l o n   c a n c e r ,   human  s p l e e n   and  l u n g   a n d  

h a m s t e r   l i v e r   and  k i d n e y   a r e   made  in  5  v o l u m e s   of  d e i o n i z e d  

w a t e r   ( w / v )   u n d e r   i c e   w a t e r   by  a  p o l y t r o n   at  f u l l   s p e e d  

f o r   2  m i n u t e s .   The  h o m o g e n a t e s   a r e   c e n t r i f u g e d   at  4 8 , 0 0 0  

x  g  fo r   1  h o u r .   The  c l e a r   s u e r n a t a n t s   a r e   c o l l e c t e d ,  

l y o p h i l i z e d   and  r e d i s s o l v e d   in  w a t e r   to  o b t a i n   p r o p e r  

p r o t e i n   c o n c e n t r a t i o n   fo r   c o n j u g a t i o n   of  the   a n t i g e n s   t o  

S e p h a r o s e   4B  by  the   c y a n o g e n   b r o m i d e   m e t h o d .   S i m i l a r l y ,  

human  and  h a m s t e r   s e r a   a re   a d j u s t e d   f o r   p r o t e i n   p r i o r   t o  

c o n j u g a t i o n   to  S e p h a r o s e   4B.  GW-39  w a t e r   h o m o g e n a t e   a n d  



i t s   4 8 , 0 0 0   g  s u p e r n a t a n t   a r e   t r e a t e d   w i t h   90%  l i q u i d  

p h e n o l   f o r   p r e p a r a t i o n   of  C S A ' s ,   as  r e p o r t e d   in  G o l d e n b e r g  

et  a l ,   C a n c e r   R e s . ,   36,  3455  ( 1 9 7 6 ) ,   and  c o n j u g a t e d   t o  

S e p h a r o s e   4 B .  

A f f i n i t y   a d s o r p t i o n s   a r e   p e r f o r m e d   a n a l o g o u s l y   t o  

the   p r o c e d u r e   of  E x a m p l e   l ( c ) - ( e ) .   C r u d e   g o a t   a n t i - C S A p  

(4  ml)  i s   a p p l i e d   to  a  c o l u m n   c o n t a i n i n g   100  ml  o f  

S e p h a r o s e   4B  c o n j u g a t e d   w i t h   c o l o n   c a n c e r   e x t r a c t   a n d  

a l l o w e d   to  f l o w   d o w n w a r d s .   The  f l o w   i s   s t o p p e d   w h e n  

p r o t e i n   a p p e a r s   in  t he   e f f l u e n t   and  t h e n   t he   a n t i s e r u m   i s  

a l l o w e d   to  r e a c t   f o r   30  m i n u t e s   w i t h   t h e   i m m u n o a d s o r b e n t  

and  t h e n   t he   g e l   i s   w a s h e d   w i t h   0.1M  P04,   pH  7 .0   b u f f e r .  

The  a d s o r b e d   i m m u n o g l o b u l i n s   a r e   e l u t e d   w i t h   3M  NH4SCN  i n  

0 . lM  P04  pH  7 .0   b u f f e r .   The  e l u t e d   a n t i b o d i e s   a r e  

i m m e d i a t e l y   d i a l y s e d   on  Amicon   PM-30  m e m b r a n e   a n d  

e q u i l i b r a t e d   w i t h   0.1M  P04,   pH  7 .0   b u f f e r   f o l l o w e d   b y  

1.OM  u r e a   and  1 0 % . g l y c e r o l   in  0 .05M  P04 ,   pH  7 . 0 ,   a n d  

f i n a l l y   w i t h   0.1M  P04,   pH  7 .0   b u f f e r .   The  a n t i b o d i e s   a r e  

t h e n   p a s s e d   t h r o u g h   a  m i x t u r e   of  75  ml  S e p h a r o s e   4B  c o n -  

j u g a t e d   w i t h   human  s p l e e n ,   l u n g   and  s e r u m .   A f t e r   a l l o w -  

i ng   the   a n t i b o d i e s   to  r e a c t   w i t h   t h e   i m m u n o a d s o r b e n t ,  

t h e   c o l u m n   was  e l u t e d   w i t h   0.1M  P04 ,   pH  7 .0   b u f f e r .   T h e  

a n t i b o d i e s   a r e   c o n c e n t r a t e d   on  an  Amicon   PM-30  m e m b r a n e  

and  p a s s e d   t h r o u g h   a  75  ml  i m m u n o a d s o r b e n t   c o l u m n   c o n t a i n -  

i ng   a  m i x t u r e   of  h a m s t e r   l i v e r ,   k i d n e y   and  s e r u m   a n t i g e n s  

and  p r o c e s s e d   in  t he   a b o v e   m a n n e r .  

F i n a l l y ,   t he   a n t i b o d i e s   a r e   a p p l i e d   to  a  320  ml  

i m m u n o a d s o r b e n t   c o l u m n   made  w i t h   a  p h e n o l   e x t r a c t   of  GW- 

39  t u m o r .   A f t e r   i n c u b a t i n g   t he   a n t i b o d i e s   f o r   30  m i n u t e s  

the   c o l u m n   is   e l u t e d   w i t h   0.1M  P04 ,   pH  7 .0   b u f f e r .   T h e  

a n t i b o d i e s   a r e   t h e n   c o n c e n t r a t e d   and  e q u i l i b r a t e d   w i t h  

0.05M  P04,   pH  7 .5   b u f f e r   on  an  Amicon   PM-30  m e m b r a n e .  

A f f i n i t y   p u r i f i e d   a n t i - C S A p   a n t i b o d i e s   o b t a i n e d   t h u s   a r e  

a p p l i e d   to  a  S e p h a d e x   G-200  ( 2 . 5   x  100  cm)  c o l u m n   a n d  

f r a c t i o n a t e d   u s i n g   0 . 05M,   pH  7 .5   b u f f e r .   The  I g G  



f r a c t i o n   is  p o o l e d   and  c o n c e n t r a t e d   on  Amicon  PM-30.   T h e  

p r o t e i n   of  a n t i - C S A p   IgG  is   a d j u s t e d   to  2 .8   m g / m l ,   a n d  

s t o r e d   at  - 2 0 ° C .  

The  r a d i o i o d i n a t i o n   of  a n t i - C S A p   w i t h   I - 1 3 1   i s  

e f f e c t e d   a n a l o g o u s l y   to  the   p r o c e d u r e   of  E x a m p l e   l ( f ) ,  

and  the   1 3 1 I - a n t i - C S A p   IgG  is   p u r i f i e d   and  s t o r e d   as  i n  

t h a t   E x a m p l e .  

(c)  U s i n g   a n a l o g o u s   p r o c e d u r e s   to  t h o s e   of  E x a m p l e s   1 ,  

8  and  t h i s   E x a m p l e ,   e x c e p t   f o r   t he   r e p l a c e m e n t   of  CEA, 

HCG,  AFP  or  CSAp  by  one  of  p r o s t a t i c   a c i d   p h o s p h a t a s e ,  

p a n c r e a t i c   o n c o f e t a l   a n t i g e n ,   p l a c e n t a l   a l k a l i n e   p h o s -  

p h a t a s e ,   p r e g n a n c y   b e t a l - g l o b u l i n ,   p a r a t h o r m o n e ,  

c a l c i t o n i n ,   t i s s u e   p o l y p e p t i d e   a n t i g e n ,   T - a n t i g e n ,   b e t a 2 -  

m i c r o g l o b u l i n ,   g a l a c t o s y l   t r a n s f e r a s e - I I   ( G T - I I ) ,   g p - 5 2  

v i r a l - a s s o c i a t e d   a n t i g e n ,   o v a r i a n   c y s t a d e n o c a r c i n o m a -  

a s s o c i a t e d   a n t i g e n   (OCAA),  o v a r i a n   t u m o r - s p e c i f i c   a n t i g e n  

(OCA),  c e r v i c a l   c a n c e r   a n t i g e n s   ( C A - 5 8 ,   CCA,  T A - 4 ) ,   b a s i c  

f e t o p r o t e i n   ( B F P ) ,   t e r m i n a l   d e o x y n u c l e o t i d y l   t r a n s f e r a s e  

( T d T ) ,   c y t o p l a s m i c   m e l a n o m a - a s s o c i a t e d   a n t i g e n s ,   h u m a n  

a s t r o c y t o m a - a s s o c i a t e d   a n t i g e n   (HAAA),  common  g l i o m a  

a n t i g e n   (CGA),  g l i o e m b r y o n i c   a n t i g e n   (GEA),   g l i a l  

f i b r i l l a r y   a c i d i c   p r o t e i n   (GFA),   common  m e n i n g i o m a  

a n t i g e n   (CMA)  and  t u m o r   a n g i o g e n e s i s   f a c t o r   (TAF) ,   a n d  

w i t h   a p p r o p r i a t e   a f f i n i t y   p u r i f i c a t i o n ,   l a b e l e d  

a n t i b o d i e s   to  t h e s e   a n t i g e n s   a r e   o b t a i n e d .  

EXAMPLE  10  

P r e p a r a t i o n  o f  m o n o c l o n a l   1 3 3 I - a n t i - A F P  I g G  

M o n o c l o n a l   l 3 3 I - a n t i - A F P   IgG  is   p r e p a r e d   a n a l o g o u s l y  

to  the   p r o c e d u r e   of  E x a m p l e   2,  e x c e p t   t h a t   AFP  a n t i g e n   i s  

used   i n s t e a d   of  CEA. 

The  m o n o c l o n a l   a n t i - A F P   IgG  is   r a d i o l a b e l e d   w i t h  

1 -133   a n a l o g o u s l y   to  t he   p r o c e d u r e   of  E x a m p l e   l ( f ) .  



EXAMPLE  11 

P r e p a r a t i o n   of  1 2 3 I - I g G  ( g o a t )  

Norma l   g o a t   IgG  ( M i l e s )   i s   a f f i n i t y   p u r i f i e d   a g a i n s t  

c y a n o g e n   b r o m i d e - l i n k e d   HCG,  AFP  and  CSAp  and  l a b e l e d  

w i t h   1 - 1 2 3   a n a l o g o u s l y   to  t h e   p r o c e d u r e   of  E x a m p l e   l ( f ) ,  

e x c e p t   t h a t   I - 1 2 3   i s   s u b s t i t u t e d   f o r   1 - 1 3 1 ,   w i t h   p r o p o r -  

t i o n a l   c h a n g e s   in  t he   r e a g e n t s   to  a c c o u n t   f o r   d i f f e r e n c e s  

in  s p e c i f i c   a c t i v i t y ,   as  in  Example  3. 

EXAMPLE  1 2  

P r e p a r a t i o n  o f   1 3 1 I - a n t i - A F P - 1 0 B  I g G  

(a)   A n t i - A F P   IgG  p r e p a r e d   a c c o r d i n g   to  E x a m p l e   9 ( a )   i s  

r e a c t e d   w i t h   a  2 0 - f o l d   m o l a r   e x c e s s   of  t he   d i a z o n i u m   s a l t  

of  1 - ( 4 - a m i n o p h e n y l ) - 1 , 2 - d i c a r b a c l o s o - d o d e c a r b o r a n e ( 1 2 )  

h a v i n g   a  n a t u r a l   a b u n d a n c e   of   B o r o n - 1 0   i s o t o p e   ( 2 0 % ) ,  

a n a l o g o u s l y   to  t he   p r o c e d u r e   of  E x a m p l e   4 ( a ) .   T h e  

r e s u l t a n t   a n t i b o d y   has   an  a v e r a g e   of  f rom  2  to  10  d i a z o -  

l i n k e d   c a r b o r a n e   r e s i d u e s   or  f rom  4  to  20  B o r o n - 1 0   a t o m s  

per   a n t i b o d y   m o l e c u l e .  

(b)  t he   a n t i - A F P - 1 0 B   of  p a r t   (a)   i s   r a d i o l a b e l e d   w i t h   I -  

131  a n a l o g o u s l y   to  t he   p r o c e d u r e   of  E x a m p l e   l ( f ) ,   t o  

i n t r o d u c e   an  a v e r a g e   of  f rom  1  to  10  atoms  of  i o d i n e  

pe r   a n t i b o d y   m o l e c u l e .  

EXAMPLE  13  

P r e p a r a t i o n   of  i n j e c t a b l e   c o m p o s i t i o n s  

S t e r i l e ,   p y r o g e n - f r e e   s o l u t i o n s   a r e   p r e p a r e d   a s  

s h o w n .  

(a)   A  s t e r i l e   s o l u t i o n   c o n t a i n i n g ,   per   m l :  

(1)  34  mg  Human  Serum  A l b u m i n   ( H S A ) ( 1 % ,   USP,  P a r k e -  

D a v i s )  

(2)  0.04M  p h o s p h a t e   b u f f e r ,   pH  7.4  ( B i o w a r e )  

(3)  0.9%  N a C l  

(4)  10  µg  1 3 1 I - a n t i - H C G   IgG  ( g o a t )   p r e p a r e d   a c c o r d -  

ing   to  E x a m p l e   8  ( a v e r a g e   of  a b o u t   5  a t o m s   of  i o d i n e /  

m o l e c u l e ,   s p e c i f i c   a c t i v i t y   of  a b o u t . 8 0   µ C i / µ g ) .  



The  l a b e l e d   an t ibody   of  Example  8  is  s to red   in  a  s o l u -  

t ion  of  (1),  (2)  and  (3)  at  a  c o n c e n t r a t i o n   of  2 0 u g / m l   and 

d i l u t e d   with  an  equal  volume  of  1%  HSA.in  phosphate   b u f f e r e d  

s a l i n e   (PBS)  to  p repare   th i s   s o l u t i o n .  

(b)  A  s t e r i l e   s o l u t i o n   acco rd ing   to  the  p rocedure   of  par t   ( a )  

except  tha t   i t   f u r t h e r   c o n t a i n s   5.1  µg/ml  of  123I-IgG  as  p r e -  

pared  in  Example  11.  The  123I-IgG,   at  a  s p e c i f i c   a c t i v i t y   o f  

500 µCi/µg,  is  s to red   in  phosphate   b u f f e r e d   s a l i n e   c o n t a i n i n g  

1%  HSA  at  a  c o n c e n t r a t i o n   of  10.2  µg/ml.   An  equal  volume  o f  

th i s   s o l u t i o n   is  used  in  place  of  1%  HSA  in  PBS  in  the  p r o c e d u r e  

of  par t   ( a ) .  

(c)  A  s t e r i l e   s o l u t i o n   a cco rd ing   to  the  p rocedure   of  par t   (b)  

except  tha t   the  an t ibody   is  the  1 3 1 I - a n t i - A F P   IgG  (goat)   p r e -  

pared  a cco rd ing   to  Example  9(a) ,   s t o r ed   in  1%  HSA  in  PBS  a t  

a  c o n c e n t r a t i o n   of  20  µg/ml  and  having  comparable  a c t i v i t y .  

(d)  A  s t e r i l e   s o l u t i o n   acco rd ing   to  the  p rocedure   of  par t   (b)  

except  tha t   i t   f u r t h e r   c o n t a i n s   10  µg/ml  of  133 I - an t i -AFP   IgG 

(monoclonal)   p repared   a cco rd ing   to  Example  10.  The  1 3 1 I - a n t i -  

HCG  IgG,  123I-IgG  and  133 I - an t i -AFP   IgG  are  each  s to red   at  a 

c o n c e n t r a t i o n   3  t imes  tha t   of  the  d e s i r e d   s p e c i f i c   a c t i v i t y  

in  the  f i n a l   s o l u t i o n ,   and  an  equal  volume  of  each  is  used  t o  

make  the  s t e r i l e   s o l u t i o n .  

(e)  A  s t e r i l e   s o l u t i o n   a cco rd ing   to  the  p rocedure   of  par t   (b)  

except  tha t   the  an t ibody   is  the  1 3 1 I - a n t i - A F P - 1 0 B   IgG  p r e p a r e d  

accord ing   to  Example  12,  having  an  average  of  5  d i a z o - l i n k e d  

carborane   groups  and  an  average  of  1  iod ine   atom  per  a n t i b o d y  

molecule ,   and  a  s p e c i f i c   a c t i v i t y   of  16  µCi/µg.  The  s o l u t i o n  

con t a in s   50 .4  µg /ml   of  the  a n t i b o d y .  

EXAMPLE  14 

Tumor  L o c a l i z a t i o n  

R a d i o i o d i n a t e d   an t ibody   is  a d m i n i s t e r e d   to  p a t i e n t s   w i t h  

suspec ted   tumors.   The  p a t i e n t   is  p r e - t e s t e d   for  a n a p h y l a c t i c   h y p e r -  

s e n s i t i v i t y   to  goat  IgG.  To  block  t hy ro id   uptake  of  1-131  or  1 - 1 2 3 ,  



Lugol ' s   s o l u t i o n   (Purepack)   is  a d m i n i s t e r e d   by  mouth,  5  d rops   t w i c e  

da i l y   for  seven  days  beg inn ing   one  day  before   i n j e c t i o n   of  the  r a d i o -  

. a c t i v e l y   l a b e l e d   a n t i b o d y .  

(a)   L o c a l i z a t i o n   i s   e f f e c t e d   a c c o r d i n g   to  t he   p r o c e d u r e  

of  G o l d e n b e r g   et   a l . ,   N.  E n g .  J .   M e d . ,   298 ,   1 3 8 4  ( 1 9 7 8 ) ,  

by  i n f u s i o n   of  3.5  ml  of  a  s o l u t i o n   of  1 3 1 I - a n t i - H C G   I g G  

c o n t a i n i n g   1 2 3 I - I g G   p r e p a r e d   a c c o r d i n g   to  E x a m p l e   1 3 ( b )  

in  20  ml  of  s t e r i l e   p h y s i o l o g i c a l   s a l i n e   o v e r   a  p e r i o d   o f  

f rom  10  m i n u t e s   to  20  m i n u t e s .   No  T c - 9 9 m   c o m p o u n d s   a r e  

u s e d ,   t he   s u b t r a c t i o n   t e c h n i q u e   b e i n g   a d a p t e d   in  a  

c o n v e n t i o n a l   f a s h i o n   to  d i s c r i m i n a t e   b e t w e e n   1 - 1 3 1   and  I -  

123 .   S c a n s   a r e   t a k e n   i m m e d i a t e l y   and  a t   2,  8,  12,  24,  48  

and  72  h o u r s   a f t e r   i n j e c t i o n   of  t he   a n t i b o d y   is   c o m p l e t e d .  

Da ta   a n a l y s i s   i n v o l v e s   s t o r i n g   t h e   p h o t o s c a n n i n g  

d a t a   in  a  c o m p u t e r ,   e q u a l i z i n g   t h e   a c t i v i t y   l e v e l   of  t h e  

l a b e l e d   n o r m a l   i m m u n o g l o b u l i n   w i t h   t h a t   of   t he   l a b e l e d  

a n t i b o d y   in  at   l e a s t   one  t a r g e t   a r e a   and  c a l c u l a t i n g   a 

b a c k g r o u n d   l e v e l   v a l u e   f o r   the   l a b e l e d   a n t i b o d y   f o r   e a c h  

d a t a   p o i n t ;   s u b t r a c t i n g   the   r e s u l t a n t   b a c k g r o u n d   v a l u e  

f rom  t he   t o t a l   a n t i b o d y   a c t i v i t y ,   p i x e l - b y - p i x e l ,   t o  

g e n e r a t e   a  v a l u e   f o r   t he   a c t i v i t y   of  t a r g e t e d   a n t i b o d y  

f o r   e a c h   d a t a   p o i n t ;   and  u s i n g   t he   r e s u l t a n t   g e n e r a t e d  

v a l u e s   f o r   t a r g e t e d   a n t i b o d y   a c t i v i t y   to  g e n e r a t e   a  

r e l a t e d   o u t p u t   s i g n a l .  

S i g n i f i c a n t   l o c a l i z a t i o n   i s   s e e n   a f t e r   2  h o u r s ,  

w i t h   r e s o l u t i o n   i m p r o v i n g   w i t h   t i m e ,   t e n d i n g   to  p l a t e a u  

b e t w e e n   8  and  24  h o u r s   a f t e r   i n j e c t i o n .   No  a d d i t i o n a l  

b a c k g r o u n d   1 2 3 I - I g G   is   a d d e d .   The  H C G - s e l e c t i v i t y   o f  

t h i s   m e t h o d   is   c o m p a r a b l e   to  t he   C E A - s e l e c t i v i t y   of  t h e  

e a r l i e r   G o l d e n b e r g   et  al  m e t h o d ,   bu t   t h e   r e s o l u t i o n ,  

r a p i d i t y   and  c o n v e n i e n c e   a r e   e n h a n c e d   s i g n i f i c a n t l y .  

I m a g i n g   i s   p a r t i c u l a r l y   s u c c e s s f u l   in  p a t i e n t s   w i t h  

H C G - s e c r e t i n g   germ  c e l l   t u m o r s   of  t he   t e s t e s .   S e c o n d a r y  

p e l v i c   and  a b d o m i n a l   t u m o r s   in  t h e s e   p a t i e n t s   a r e   a l s o  

s u c c e s s f u l l y   l o c a t e d ,   some  of  w h i c h ,   e . g . ,   a b d o m i n a l  

m e t a s t a s i s ,   a r e   d i f f i c u l t   to  i m p o s s i b l e   to  d e t e c t   by  



a b d o m i n a l   c o m p u t e r i z e d   t o m o g r a p h y ,   i n t r a v e n o u s   p y e l o g r a p h y  

and  i n f e r i o r   v e n a c a v o g r a p h y .  

(b)  The  p r o c e d u r e   of  p a r t   (a)  is  f o l l o w e d ,   e x c e p t   t h a t  

the   a n t i b o d y   is   1 3 1 I - a n t i - A F P   IgG  in  a  s o l u t i o n   c o n t a i n -  

ing  1 2 3 I - I g G   as  p r e p a r e d   in  E x a m p l e   1 3 ( c ) .  

I m a g i n g   is   c o m p a r a b l e   to  t h a t   in  p a r t   ( a ) ,   b e i n g  

e s p e c i a l l y   s u c c e s s f u l   in  p a t i e n t s   w i t h   t e s t i c u l a r   a n d  

h e p a t i c   c a n c e r s .   S e c o n d a r y   l u n g   and  a b d o m i n a l   m e t a s t a s e s  

a r e   w e l l   l o c a l i z e d   d e s p i t e   s e r u m   AFP  l e v e l s   w h i c h   a r e  

o f t e n   h i g h l y   e l e v a t e d .  

(c)   The  p r o c e d u r e   of  p a r t   (a)  is  f o l l o w e d   e x c e p t   t h a t   t h e  

a n t i b o d y   s o l u t i o n   is   3 .5   ml  of  t he   1 3 1 I - a n t i - H C G   I g G ,  
1 3 3 I - a n t i - A F P   IgG  and  1 2 3 I - I g G   p r e p a r e d   a c c o r d i n g   t o  

E x a m p l e   1 3 ( d ) .   The  p h o t o s c a n   d a t a   a r e   a n a l y z e d   by  c o n -  

v e n t i o n a l   m e a n s ,   s e p a r a t i n g   the   1 - 1 3 1 ,   1 - 1 3 3   and  1 - 1 2 3  

r a d i a t i o n ,   s t o r i n g   and  u s i n g   the   e q u a l i z e d   1 - 1 2 3 / 1 - 1 3 1  

and  1 - 1 2 3 / 1 - 1 3 3   r a t i o s   to  d e t e r m i n e   the   b a c k g r o u n d   v a l u e s  

fo r   n o n - t a r g e t e d   a n t i b o d i e s ,   t h e s e   b e i n g   s u b t r a c t e d   t o  

c o m p u t e   t a r g e t e d   a c t i v i t i e s   f o r   e a c h   a n t i b o d y   s e p a r a t e l y .  

I m a g i n g   is  s u c c e s s f u l   f o r   a l l   t u m o r   t y p e s   s u c c e s s f u l l y  

i m a g e d   w i t h   t he   s e p a r a t e   a n t i b o d y   s c a n s   of  p a r t s   (a)  a n d  

( b ) .   The  c o m b i n a t i o n   s c a n   g i v e s   e n h a n c e d   l o c a l i z a t i o n  

and  r e s o l u t i o n   in  many  c a s e s ,   e s p e c i a l l y   e m b r y o n a l   c a n c e r s .  

EXAMPLE  15 

Tumor  T h e r a p y  

(a)  A  p a t i e n t   h a v i n g   g e r m - c e l l   c a n c e r   of  t he   t e s t i s ,  

o p t i o n a l l y   d e t e c t e d   and  l o c a l i z e d   by  the   p r o c e d u r e   o f  

E x a m p l e   1 4 ( a ) ,   is  i n j e c t e d   by  i n t r a v e n o u s   i n f u s i o n   w i t h  

150  mCi  of  the   s o l u t i o n   of  E x a m p l e   1 3 ( a )   in  50  ml  o f  

s t e r i l e   p h y s i o l o g i c a l   s a l i n e .   R e d u c t i o n   in  t u m o r   s i z e   i s  

o b s e r v e d   w i t h i n   20  d a y s .   The  dose   is   r e p e a t e d   a t   i n t e r -  

v a l s   a d j u s t e d   on  an  i n d i v i d u a l   b a s i s .  

(b)  A  p a t i e n t   h a v i n g   a  h e p a t i c   c a n c e r   o p t i o n a l l y   d e t e c t e d  

and  l o c a l i z e d   by  the   p r o c e d u r e   of  E x a m p l e   1 4 ( b ) ,   is   i n -  

j e c t e d   w i t h   an  a m o u n t   of  the   s o l u t i o n   of  1 3 ( e )  



(in  50  ml  of  s t e r i l e   p h y s i o l o g i c a l   s a l i n e )   s u f f i c i e n t   to  p r o v i d e  
2.8  mCi  of  131I  a c t i v i t y   based  on  a  70  kg  p a t i e n t   w e i g h t .  

The  tumor  is  p r e c i s e l y   l o c a l i z e d   12  hours   a f t e r   i n j e c t i o n  

using  the  p rocedure   of  Example  13.  A  well  c o l l i m a t e d   beam  o f  

thermal   n e u t r o n s   is  focused  on  the  de f ined   tumor  l o c a t i o n s .  

I r r a d i a t i o n   with  3X1012  n e u t r o n s   per  cm2  is  e f f e c t e d   for  e a c h  

tumor  l ocus ,   and  is  o p t i o n a l l y   r e p e a t e d   with  a d m i n i s t r a t i o n   o f  

the  t u m o r - l o c a l i z i n g   a n t i b o d y ,   with  or  w i t h o u t   the  r a d i o l a b e l ,  

at  i n t e r v a l s   a d j u s t e d   on  an  i n d i v i d u a l   b a s i s .   S u c c e s s f u l   t umor  

r e d u c t i o n   is  o b s e r v e d .  

EXAMPLE  16  

P r e p a r a t i o n  a n d  L a b e l i n g  o f   a n t i b o d y   F ( a b ' ) 2   a n d  F a b '  

F r a g m e n t s  

(a)   A f f i n i t y   p u r i f i e d   g o a t   a n t i - C E A   IgG  as  p r e p a r e d   i n  

E x a m p l e   1,  2  ml  of  15  mg/ml   in  p h o s p h a t e   b u f f e r e d   s a l i n e ,  

i s   d i a l y z e d   a g a i n s t   1  l i t e r   of  s o d i u m   a c e t a t e   b u f f e r ,  

100mM,  pH  4 .0   (NaAc)   f o r   24  h o u r s   a t   40C.  The  a n t i b o d y  

s o l u t i o n   i s   t r a n s f e r r e d   to  a  s c r e w   top   t u b e ,   p r e h e a t e d   t o  

370C  and  i n c u b a t e d   w i t h   hog  p e p s i n   ( S i g m a ) ,   0 .1   ml  of  3 

mg/ml   in  NaAc,  f o r   16  h o u r s   a t   3 7 ° C .   The  d i g e s t ,   i n c l u d -  

ing   any  p r e c i p i t a t e ,   i s   d i a l y z e d   a g a i n s t   s o d i u m   p h o s p h a t e  

b u f f e r ,   100mM,  pH  7 .5   ( P 0 4 )   f o r   6  h o u r s   a t   4°C.   T h e  

r e s u l t a n t   s o l u t i o n   i s   c h r o m a t o g r a p h e d   on  S e p h a d e x   G - 1 0 0  

w i t h   P04,   t h e   F ( a b ' ) 2   f r a g m e n t s   e l u t i n g   in  t he   s e c o n d  

p r o t e i n   p e a k .   The  F ( a b ' ) 2   f r a c t i o n s   a r e   c o m b i n e d ,   c o n c e n -  

t r a t e d   by  u l t r a f i l t r a t i o n   and  d i a l y z e d   a g a i n s t   PO4,  50  

mM,  pH  7 . 5 ,   and  s t o r e d   a t   - 2 0 ° C .  

(b)  t h e   r e s u l t a n t   s o l u t i o n   of  p a r t   (a)   p r i o r   to  g e l   f i l t r a -  

t i o n   c h r o m a t o g r a p h y   is   t r e a t e d   w i t h   2 - m e r c a p t o e t h a n o l ,   7  µ l  



per  ml  of  sample,  and  i ncuba ted   for  0.5  hour  at  4°C  with  c o n s t a n t  

s t i r r i n g .   I odoace t amide ,   1M,  0.135  ml  per  ml  of  sample,   is  added 

and  the  mixture   incuba ted   for  1  hour  at  40C  with  s t i r r i n g ,   f o l l o w e d  

by  c l a r i f i c a t i o n   by  c e n t r i f u g a t i o n .  

The  r e s u l t a n t   s o l u t i o n   of  crude  Fab'  f r agments   is  p u r i f i e d  

by  gel  f i l t r a t i o n   on  Sephadex  G-100,  the  anti-CEA  Fab'  f r a g m e n t s  

e l u t i n g   in  the  second  p r o t e i n   peak.  The  f r a c t i o n s   of  peak  two 

are  pooled,   c o n c e n t r a t e d   by  u l t r a f i l t r a t i o n ,   d i a l y z e d   a g a i n s t  

P04,  50  mM,  pH  7.5,  and  s to red   at  - 20°C .  

(c)  by  the  p rocedure   of  par t   (a) ,   F ( a b ' ) 2   f r agments   of  an t i -HCG,  

ant i -AFP,   ant i -CSAp,  anti-CGA,  anti-GEA,  ant i-GFA,  anti-CMA  and 

anti-HAAA  are  p r e p a r e d .  

(d)  By  the  p rocedures   of  pa r t s   (a)  and  (b),   the  Fab'  f r a g m e n t s  

of  anti-HCG,  ant i -AFP,   ant i -CSAp,  anti-CGA,  anti-GEA,  a n t i - G F A ,  

anti-CMA  and  anti-HAAA  are  p r e p a r e d .  

(e)  4 . 4 - 1 0 . 2   µg  of  a  F ( a b ' ) 2   fragment  from  p a r t s   a  or  c  above ,  

or  2 . 4 - 5 . 6   µg  of  a  Fab'  fragment  from  p a r t s   b  or  d  above,  p e r  
mCi  1311,  is  i n j e c t e d   into  a  r a d i o n u c l i d e   v ia l   c o n t a i n i n g   131I  

(Amersham-Sear le ) ,   and  r a d i o l a b e l e d   a n a l o g o u s l y   to  the  p r o c e d u r e  

of  Example  l ( f ) .  

The  r e s u l t a n t   1 3 1 I - a n t i b o d y   F ( a b ' ) 2   has  an  average  o f  

from  3  to  7  atoms  of  iod ine   per  f ragment .   Random  a l i q u o t s  

from  each  batch  are  s e p a r a t e l y   t e s t e d   for  s t e r i l i t y ,   p y r o -  

g e n i c i t y ,   t o x i c i t y   and  o ther   q u a l i t y   c o n t r o l   v a r i a b l e s .  

EXAMPLE  17 

P r e p a r a t i o n   and  l a b e l i n g   of  hybrid  f r a g m e n t s  

(a)  A  mixture   of  equal  q u a n t i t i e s   of  anti-CEA  and  a n t i - C S A p  

F ( a b ' ) 2   f ragments   prepared  in  Example  16 (c ) ,   in  the  form  o f  

15  mg/ml  s o l u t i o n s   in  pH  5.0  NaAc  bu f f e r   is  t r e a t e d   with  a 

s o l u t i o n   of  0.01  M  2 - m e r c a p t o e t h y l a m i n e   h y d r o c h l o r i d e ,   7µl  p e r  
ml  of  sample  and  incuba ted   for  1  hour  at  370C  with  c o n s t a n t   s t i r r i n g .  

The  mixture   is  passed  through  an  ion  exchange  column  (IR  120)  a t  

pH  5  and  40°C  to  remove  the  r educ ing   agent ,   the  r e s u l t a n t  



s o l u t i o n   a d j u s t e d   to  pH  8  and  s t i r r e d   f o r   2  h o u r s   w i t h  

g e n t l e   s t i r r i n g   and  p a s s a g e   of  o x y g e n   t h r o u g h   t h e  

s o l u t i o n .   The  s o l u t i o n   is   t h e n   d i a l y z e d   a g a i n s t   PO4  f o r  

6  h o u r s   a t   4°C  and  c h r o m a t o g r a p h e d   on  S e p h a d e x   G-100   w i t h  

P04  as  in  t h e   f i n a l   s t e p   of  E x a m p l e   1 6 ( a ) .  

The  f r a c t i o n   c o n t a i n i n g   F ( a b ' ) 2   h y b r i d s   e l u t e s   i n  

the   s e c o n d   p r o t e i n   p e a k .   T h i s   f r a c t i o n   i s   s u b j e c t e d   t o  

a f f i n i t y   c h r o m a t o g r a p h y   on  s e p a r a t e   S e p h a r o s e   4B  c o l u m n s  

w i t h   c y a n o g e n   b r o m i d e   l i n k e d   CEA  and  CSAp.  T h a t   f r a c t i o n  

r e t a i n e d   by  b o t h   c o l u m n s   is   c h a o t r o p i c a l l y   d i s s o c i a t e d ,  

r e - c h r o m a t o g r a p h e d   on  S e p h a d e x   G-100  and  f u r t h e r   p u r i f i e d  

by  p r e c i p i t a t i o n   w i t h   s o d i u m   s u l f a t e ,   d i s s o l u t i o n   a n d  

d i a l y s i s   a g a i n s t   PO4,  and  the   s o l u t i o n   of  a n t i - C E A / C S A p  

F ( a b ' ) 2   i s   s t o r e d   a t   - 2 0 ° C .  

(b)  By  t he   p r o c e d u r e   of  p a r t   ( a ) ,   t he   f o l l o w i n g   h y b r i d  

F ( a b l ) 2   f r a g m e n t s   a r e   p r e p a r e d ,   t he   c o m p o n e n t   F a b '   a r m s  

b e i n g   i n d i c a t e d   by  t h e i r   a n t i b o d y   s o u r c e :  

( i )   a n t i - A F P / H C G   F ( a b ' ) 2  

( i i )   a n t i - C E A / P A P   F ( a b ' ) 2  

( i i i )   a n t i - C G A  / G E A   F ( a b ' ) 2  

(c)   The  f r a g m e n t s   p r e p a r e d   in  p a r t s   (a)   and  (b)  a r e   e a c h  

r a d i o l a b e l e d   w i t h   e i t h e r   1 - 1 3 1   or  1 - 1 3 3   a n a l o g o u s l y   t o  

the   p r o c e d u r e   of  E x a m p l e   l ( f ) .  

EXAMPLE  18 

P r e p a r a t i o n   and  l a b e l i n g   of  n o r m a l   IgG  F r a g m e n t s  

N o r m a l   g o a t   IgG  ( M i l e s )   is   a f f i n i t y   p u r i f i e d   a g a i n s t  

c y a n o g e n   b r o m i d e - l i n k e d   HCG,  AFP,  CSAp,  CEA,  PAP,  GEA  a n d  

CGA,  f r a g m e n t e d   by  the   p r o c e d u r e s   of  E x a m p l e   16,  and  t h e  

f r a g m e n t s   r a d i o l a b e l e d   w i t h   I - 1 2 3   a n a l o g o u s l y   to  t h e  

p r o c e d u r e   of  E x a m p l e   l ( f ) ,   e x c e p t   t h a t   1 - 1 2 3   i s   s u b s t i t u t e d  

f o r   1 - 1 3 1   w i t h   p r o p o r t i o n a l   c h a n g e s   in  t h e   r e a g e n t s   t o  

a c c o u n t   f o r   d i f f e r e n c e s   in  s p e c i f i c   a c t i v i t y ,   as  in  Example  3. 



EXAMPLE  19 

P r e p a r a t i o n   and  l a b e l i n g   of  B o r o n - 1 0 - c o n t a i n i n g  a n t i b o d y   F r a g m e n t s  

(a)  An  an t ibody   f ragment ,   e . g . ,   anti-CEA  F (ab l )2   p repared   a c c o r d -  

ing  to  Example  16,  is  r e ac t ed   with  a  20- fo ld   molar  excess  of  t h e  

diazonium  s a l t   of  1 - ( 3 - a m i n o p h e n y l ) - 1 , 2 - d i c a r b a - c l o s o - d o d e c a b o r a n e ( 1 2 )  

having  2  n a t u r a l   abundance  of  Boron-10  i s o t r o p e   (20%),  a n a l o g o u s l y  

to  the  p rocedure   of  Example  4(a) .   The  r e s u l t a n t   f ragment   h a s  

an  average  of  from  2  to  10  d i a z o - l i n k e d   ca rborane   r e s i d u e s   o r  

from  4  to  20  Boron-10  atoms  per  an t ibody   f r a g m e n t .  

(b)  The  a n t i - C E A - 1 0 B - F ( a b ' ) 2   of  par t   (a)  is  r a d i o l a b e l e d   w i t h  

1-131  a n a l o g o u s l y   to  the  procedure   of  Example  ( f ) ,   to  i n t r o d u c e  

an  average  of  from  1  to  10  atoms  of  iod ine   per  an t ibody   f r a g m e n t .  

(c)  The  F (ab l )2   f ragments   of  Example  16(c)  are  each  r e a c t e d  

to  add  a  ca rbo rane   addend  accord ing   to  the  p rocedure   of  p a r t  

(a)  of  t h i s   example,  and  the  r e s u l t a n t   B o r o n - 1 0 - c o n t a i n i n g  

fragments   are  r a d i o i o d i n a t e d   ana logous ly   to  the  p r o c e d u r e  

of  Example  l ( f ) ,   to  achieve   l a b e l i n g   of  an  average   of  1 -10  

atoms  of  iod ine   per  an t ibody   f r a g m e n t .  

(d)  The  p rocedure   of  Example  16(b)  is  fo l lowed ,   except   t h a t  

the  N- iodoace tamide   of  1 - ( 4 - a m i n o p h e n y l ) - 1 , 2 - d i c a r b a - c l o s o -  

d o d e c a r b o r a n e ( 1 2 )   is  used  in  place  of  i o d o a c e t a m i d e .   The 

amide  is  p repared   by  r e a c t i n g   the  amine  with  i o d o a c e t y l  

c h l o r i d e   in  the  p resence   of  base,  a cco rd ing   to  c o n v e n t i o n a l  

p rocedures .   The  r e s u l t a n t   Fab'  f ragments   bear  two  c a r b o r a n o -  

p h e n y l - s u b s t i t u t e d   ace tamide   groups  on  the  s u l f h y d r y l   g r o u p s  
l i b e r a t e d   in  the  r e d u c t i v e   c l eavage .   The  B o r o n - 1 0 - c o n t a i n -  

ing  f ragments   are  r a d i o i o d i n a t e d   ana logous ly   to  the  p r o c e d u r e  

of  Example  l ( f ) ,   to  achieve   l a b e l i n g   of  an  average   of  1 -10  

atoms  of  iodine   per  an t ibody   f r a g m e n t .  

(e)  The  hybrid  F (ab l )2   f ragments   prepared  a c c o r d i n g   to  Examples  

17(a)  and  17(b)  are  r e ac t ed   as  in  par t   (a)  of  t h i s   example  

and  then  r a d i o i o d i n a t e d   a n a l o g o u s l y   to  the  p rocedure   of  Example 

l ( f ) ,   to  achieve   l a b e l i n g   of  an  average  of  1-10  atoms  o f  

iodine  per  an t ibody   f r a g m e n t .  



EXAMPLE 20 

P r e p a r a t i o n   of  I n j e c t a b l e   C o m p o s i t i o n s  

S t e r i l e ,   p y r o g e n - f r e e   s o l u t i o n s   are  p repared   as  shown. 

(a)  a  s t e r i l e   s o l u t i o n   c o n t a i n i n g ,   per  ml :  

(1)  34  mg  Human  Serum  Albumin  (HSA)  (1%,  USP,  P a r k e -  

D a v i s )  

(2)  0.04  M  phospha te   b u f f e r ,   pH  7.4  (B ioware )  

(3)  0.9%  NaCl 

(4)  6 .1  µg  131I-anti-CEA.  F ( a b ' ) 2   (goat)   p repared   a c c o r d -  

ing  to  Example  16  (average   of  about  5  atoms  of  i o d i n e / m o l e c u l e ,  

s p e c i f i c   a c t i v i t y   of  about  1 2 5  µ C i / µ g ) .  

The  l a b e l e d   an t i body   of  Example  16  is  s t o r ed   in  a  s o l u -  

t ion   of  (1),  (2)  and  (3)  at  a  c o n c e n t r a t i o n   of  24.4  µg /ml  
and  d i l u t e d   with  th ree   volumes  of  1%  HSA  in  phosphate   b u f f e r e d  

s a l i n e   (PBS)  to  p repare   t h i s   s o l u t i o n .  

(b)  A  s t e r i l e   s o l u t i o n   a c c o r d i n g   to  the  p rocedure   of  p a r t  

(a)  except   tha t   i t   f u r t h e r   c o n t a i n s   5.2  µg/ml  of  1 2 3 I - F ( a b ' ) 2 ,  

at  a  s p e c i f i c   a c t i v i t y   of  500  µCi/µg,   as  p repared   in  Example 
18.  The  1 2 3 I - F ( a b ' ) 2   is  s to red   in  p h o s p h a t e - b u f f e r e d   s a l i n e  

c o n t a i n i n g   1%  HSA  at  a  c o n c e n t r a t i o n   of  20.8  µg/ml.  An 

equal  volume  of  t h i s   s o l u t i o n   is  used  in  p lace   of  one  volume 

of  1%  HSA  in  PBS  in  the  p rocedure   of  pa r t   ( a ) .  

(c)  A  s t e r i l e   s o l u t i o n   a c c o r d i n g   to  the  p rocedure   of  p a r t  

(b)  except   tha t   the  an t i body   is  10.1  µg/ml  of  the  1 3 1 I - a n t i  

AFP  Fab'  p repared   a c c o r d i n g   to  Example  16,  s t o r ed   in  1%  HSA 

in  PBS  at  a  c o n c e n t r a t i o n   of  40.4  µg/ml,   (average   of  2 . 5  

atoms  of  iod ine   per  f r a g m e n t ) ,   having  about  ha l f   the  a c t i v i t y  

o f  t h e   131I -an t i -CEA  F ( a b ' ) 2   f ragment   and  with  123I-Fab'  i n s t e a d  

of  1 2 3 I - F ( a b ' ) 2   at  a  s p e c i f i c   a c t i v i t y   such  tha t   the  p r o p o r t i o n a l  

a c t i v i t y   o f  I - 1 3 1   to  1-123  is  the  same  as  in  Example  2 0 ( b ) .  

(d)  A  s t e r i l e   s o l u t i o n   a c c o r d i n g   to  the  p rocedure   of  p a r t  

(b)  except   tha t   the  an t ibody   is  the  131 I -an t i -CSAp  F ( a b ' ) 2  
prepared   acco rd ing   to  Example  16,  s t o r ed   in  1%  HSA  in  PBS 

at  a  c o n c e n t r a t i o n   of  24.4  µg/ml  and  having  comparable   s p e c i f i c  



a c t i v i t y .  

(e)   A  s t e r i l e   s o l u t i o n   a c c o r d i n g   to  the   p r o c e d u r e   of  p a r t  

(b)  e x c e p t   t h a t   the   a n t i b o d y   is   the   1 3 1 I - a n t i - C E A / C S A p  

h y b r i d   F ( a b ' ) 2   p r e p a r e d   a c c o r d i n g   to  Example  17,  s t o r e d  

in  1%  HSA  in  PBS  a t  a   c o n c e n t r a t i o n   o f  24 .4   µ g / m l   a n d  

h a v i n g   c o m p a r a b l e   s p e c i f i c   a c t i v i t y .  

( f )   A  s t e r i l e   s o l u t i o n   a c c o r d i n g   to  t he   p r o c e d u r e   of  p a r t  

(b)  e x c e p t   t h a t   i t   f u r t h e r   c o n t a i n s   1 3 1 I - a n t i - A F P   F ( a b ' ) 2  

and  1 3 1 I - a n t i - H C G   F ( a b ' ) 2 ,   6 . 1  µ g / m l   e a c h ,   s t o r e d   in  1% 

HSA  in  PBS  at  c o n c e n t r a t i o n s   of  24.4  µ g / m l   e a c h ,   and  h a v i n g  

comparable  s p e c i f i c   a c t i v i t y ,   an  equal  volume  of  each  being  used  

in  p l a c e   of  one  v o l u m e   of  1%  HSA  in  PBS  in  the   p r o c e d u r e  

of  p a r t   ( a ) .  

(g)  A  s t e r i l e   s o l u t i o n   a c c o r d i n g   to  the   p r o c e d u r e   of  p a r t  

(e)   e x c e p t   t h a t   i t   f u r t h e r   c o n t a i n s   t he   1 3 3 I - a n t i - A F P / H C G  

F ( a b ' ) 2   h y b r i d   p r e p a r e d   a c c o r d i n g   to  Example  17,  s t o r e d  

in  1%  HSA  in  PBS  at  c o n c e n t r a t i o n   o f  20 .4   µg /ml   a n d  

h a v i n g   c o m p a r a b l e   s p e c i f i c   a c t i v i t y .  

(h)  A  s t e r i l e   s o l u t i o n   a c c o r d i n g   to  t he   p r o c e d u r e   of  p a r t  

(b)  e x c e p t   t h a t   the   a n t i b o d y   is  the   1 3 1 I - a n t i - C G A / G E A  

F ( a b ' ) 2   f r a g m e n t   p r e p a r e d   a c c o r d i n g   to  E x a m p l e   17,  s t o r e d  

in  1%  HSA  in  PBS  at  a  c o n c e n t r a t i o n   of  2 4 . 4  µ g / m l   a n d  

h a v i n g   c o m p a r a b l e   s p e c i f i c   a c t i v i t y .  

( i )   A  s t e r i l e   s o l u t i o n   a c c o r d i n g   to  the   p r o c e d u r e   of  p a r t  

(b)  e x c e p t   t h a t   the   a n t i b o d y   is   1 3 1 I - a n t i - C E A - 1 0 B   F ( a b ' ) 2  

f r a g m e n t   p r e p a r e d   a c c o r d i n g   to  E x a m p l e   19,  h a v i n g   a n  

a v e r a g e   of  5  d i a z o - l i n k e d   c a r b o r a n e   r e s i d u e s   a n d   atom 

of  i o d i n e   per  a n t i b o d y   m o l e c u l e ,   and  a  s p e c i f i c   a c t i v i t y  

of  a b o u t   2e  µ C i / µ g .   The  f i n a l   s o l u t i o n   c o n t a i n s   3 0 . 6  

µg/ml   of  the   a n t i b o d y .  

( j )   A  s t e r i l e   s o l u t i o n   a c c o r d i n g   to  t h e   p r o c e d u r e   of  p a r t  

(b)  e x c e p t   t h a t   t he   a n t i b o d y   is   t he   1 3 1 I - a n t i - C E A / C S A p - 1 0 B  

h y b r i d   F ( a b ' ) 2   p r e p a r e d   a c c o r d i n g   to  E x a m p l e   19,  h a v i n g  

an  a v e r a g e   of  5  d i a z o - l i n k e d   c a r b o r a n e   r e s i d u e s   and  1 

atom  of  i o d i n e   per   a n t i b o d y   m o l e c u l e ,   and  a  s p e c i f i c  

a c t i v i t y   of  a b o u t   25  µ C i / µ g .   The  f i n a l   c o n t a i n s  



3 0 . 6  µ g / m l   of  t he   a n t i b o d y .  

(k)  A  s t e r i l e   s o l u t i o n   a c c o r d i n g   to  t h e   p r o c e d u r e   of  p a r t  

(b)  e x c e p t   t h a t   t he   a n t i b o d y   is   t he   1 3 1 I - a n t i   - A F P - 1 0 B  

F a b '   f r a g m e n t   p r e p a r e d   a c c o r d i n g   to Example  19(d)  having  an 

a v e r a g e   of  2  a m i d e - l i n k e d   c a r b o r a n e   r e s i d u e s   and  1  a t o m  

of  i o d i n e   per  a n t i b o d y   m o l e c u l e ,   and  a  s p e c i f i c   a c t i v i t y  

of  a b o u t   52  µ C i / µ g .   The  f i n a l   s o l u t i o n   c o n t a i n s 1 6 . 8 u g / m l  

of  the   a n t i b o d y .  

(1)  A  s t e r i l e   s o l u t i o n   a c c o r d i n g   to  t he   p r o c e d u r e   of  p a r t  

(b)  e x c e p t   t h a t   t h e   a n t i b o d y   i s   t h e   1 3 1 I - a n t i - C G A / G E A - 1 0 B  

h y b r i d   F ( a b ' ) 2   f r a g m e n t   p r e p a r e d   a c c o r d i n g   to  E x a m p l e   1 9 ( e ) ,  

h a v i n g   an  a v e r a g e   of  5  d i a z o - l i n k e d   c a r b o r a n e   r e s i d u e s  

and  1  a tom  of  i o d i n e   pe r   a n t i b o d y   m o l e c u l e ,   and  a  

s p e c i f i c   a c t i v i t y   of  a b o u t   25  µ C i / µ g .   The  f i n a l   s o l u t i o n  

c o n t a i n s   3 0 . 6 µ g / m l   of  t he   a n t i b o d y .  

EXAMPLE  21  

Tumor  L o c a l i z a t i o n  

R a d i o i o d i n a t e d   a n t i b o d y   f r a g m e n t   i s   a d m i n i s t e r e d   t o  

p a t i e n t s   w i t h   s u s p e c t e d   t u m o r s .   The  p a t i e n t   i s   p r e -  
t e s t e d   f o r   a n a p h y l a c t i c   h y p e r s e n s i t i v i t y   to  t he   c o r r e -  

s p o n d i n g   IgG  f r a g m e n t .   To  b l o c k   t h y r o i d   u p t a k e   of  I - 1 3 1  

or  I - 1 2 3 ,   L u g o l ' s   s o l u t i o n   ( P u r e p a c k )   i s   a d m i n i s t e r e d   by  

m o u t h ,   5  d r o p s   t w i c e   d a i l y   f o r   s e v e n   d a y s   b e g i n n i n g   o n e  

day  b e f o r e   i n j e c t i o n   of  t he   r a d i o a c t i v e l y   l a b e l e d   a n t i -  

body  f r a g m e n t .  

(a)   L o c a l i z a t i o n   i s   e f f e c t e d   a c c o r d i n g   to  t he   p r o c e d u r e  

of  G o l d e n b e r g  e t   a l . ,   N .  E n g .  J .  M e d . ,   1384  ( 1 9 7 8 ) ,   by  

i n f u s i o n   of  3 .5  ml   of  a  s o l u t i o n   of  1 3 1 I - a n t i - C E A   F ( a b ' ) 2  

c o n t a i n i n g   1 2 3 I - E ( a b ' ) 2   p r e p a r e d   a c c o r d i n g   to  E x a m p l e  

2 0 ( b )   in   20  ml  of  s t e r i l e   p h y s i o l o g i c a l ' s a l i n e   o v e r   a 

p e r i o d   of  f rom  10  m i n u t e s   to  20  m i n u t e s .   No  Tc -99m  c o m -  

p o u n d s   a r e   u s e d ,   t he   s u b t r a c t i o n   t e c h n i q u e   b e i n g   a d a p t e d  

in  a  c o n v e n t i o n a l   f a s h i o n   to  d i s c r i m i n a t e   b e t w e e n   I - 1 3 1  

and  I - 1 2 3 .   S c a n s   a re   t a k e n   i m m e d i a t e l y   and  at   2,  4 ,  8 ,  



12,  24,  48  and  72  h o u r s   a f t e r   i n j e c t i o n   of  the   f r a g m e n t  

is  c o m p l e t e d .  

Da ta   a n a l y s i s   i n v o l v e s   s t o r i n g   the   p h o t o s c a n n i n g  

d a t a   in  a  c o m p u t e r ,   e q u a l i z i n g   the   a c t i v i t y   l e v e l   of  t h e  

l a b e l e d   n o r m a l   IgG  f r a g m e n t   w i t h   t h a t   of  the   l a b e l e d  

s p e c i f i c   f r a g m e n t   in  at   l e a s t   one  n o n - t a r g e t   a r e a   a n d  

c a l c u l a t i n g   a  b a c k g r o u n d   l e v e l   v a l u e   f o r   the   l a b e l e d  

f r a g m e n t   f o r   e a c h   d a t a   p o i n t ;   s u b t r a c t i n g   the   r e s u l t a n t  

b a c k g r o u n d   v a l u e   f rom  the   t o t a l   f r a g m e n t   a c t i v i t y ,   p i x e l -  

b y - p i x e l ,   to  g e n e r a t e   a  v a l u e   f o r   the   a c t i v i t y   o f  

t a r g e t e d   f r a g m e n t   f o r   e a c h   d a t a   p o i n t ;   and  u s i n g   t h e  

r e s u l t a n t   g e n e r a t e d   v a l u e s   f o r   t a r g e t e d   f r a g m e n t   a c t i v i t y  

to  g e n e r a t e   a  r e l a t e d   o u t p u t   s i g n a l .  

S i g n i f i c a n t   l o c a l i z a t i o n   is   s e e n   a f t e r   2  h o u r s ,  

w i t h   i m p r o v e d   r e s o l u t i o n   w i t h   t i m e ,   t e n d i n g   to  p l a t e a u  

b e t w e e n   4  and  12  h o u r s   a f t e r   i n j e c t i o n .   No  a d d i t i o n a l  

b a c k g r o u n d   1 2 3 I - F ( a b ' ) 2   is  a d d e d .   The  C E A - s e l e c t i v i t y   o f  

t h i s   m e t h o d   is  c o m p a r a b l e   to  the   e a r l i e r   G o l d e n b e r g   et  a l  

m e t h o d ,   but   t he   r e s o l u t i o n ,   r a p i d i t y   and  c o n v e n i e n c e   a r e  

e n h a n c e d   s i g n i f i c a n t l y .  

(b)  The  p r o c e d u r e   of  p a r t   (a)  is   f o l l o w e d   u s i n g   3.5  ml 

of  the   s o l u t i o n   of  E x a m p l e   2 0 ( c )   i n s t e a d   of  the   s o l u t i o n  

of  E x a m p l e   2 0 ( b ) .  

I m a g i n g   is   c o m p a r a b l e   to  t h a t   in  p a r t   ( a ) ,   b e i n g  

e s p e c i a l l y   s u c c e s s f u l   in  p a t i e n t s   w i t h   t e s t i c u l a r   a n d  

h e p a t i c   c a n c e r s .   S e c o n d a r y   l u n g   and  a b d o m i n a l   m e t a s t a s e s  

a r e   w e l l   l o c a l i z e d   d e s p i t e   s e rum  AFP  l e v e l s   w h i c h   a r e  

o f t e n   h i g h l y   e l e v a t e d .  

(c)   The  p r o c e d u r e   of  p a r t   (a)   is   f o l l o w e d   u s i n g   3 . 5  m l  

of  the  s o l u t i o n   of  E x a m p l e   2 0 ( d )   i n s t e a d   of  the   s o l u t i o n  

of  E x a m p l e   2 0 ( b ) .  

I m a g i n g   is  c o m p a r a b l e   to  t h a t   in  p a r t   ( a ) ,   b e i n g  

e s p e c i a l l y   s u c c e s s f u l   in  p a t i e n t s   w i t h   c o l o n   c a n c e r s .  

(d)  The  p r o c e d u r e   of  p a r t   (a)  is  f o l l o w e d   u s i n g   3 .5  ml 

of  the   s o l u t i o n   of  E x a m p l e   2 0 ( e )   i n s t e a d   of  the   s o l u t i o n  

of  E x a m p l e   2 0 ( b ) .  



I m a g i n g   of  g a s t r o i n t e s t i n a l   c a n c e r s   in  e s p e c i a l l y  

s h a r p ,   even   c o m p a r e d   to  p a r t s   (a)   and  (c)   of  t h i s  

E x a m p l e .  

(e)   The  p r o c e d u r e   of  p a r t   (a)   i s   f o l l o w e d   u s i n g   3 .5   ml  

of  t he   s o l u t i o n   of  E x a m p l e   2 0 ( f )   i n s t e a d   of  the   s o l u t i o n  

of  E x a m p l e   2 0 ( b ) .  

I m a g i n g   of  a l l   t u m o r s   of  t he   t y p e s   s u c c e s s f u l l y  

l o c a l i z e d   and  d e t e c t e d   in  p a r t s   ( a ) ,   (b)  and  (c)   of  t h i s  

E x a m p l e   i s   s u c c e s s f u l .   The  c o m b i n a t i o n   s c a n   g i v e s   e n h a n c e d  

l o c a l i z a t i o n   and  r e s o l u t i o n   in  many  c a s e s ,   e s p e c i a l l y   f o r  

t e s t i c u l a r   ge rm  c e l l ,  l i v e r   and  l u n g   c a n c e r s .  

( f )   The  p r o c e d u r e   of  p a r t   (a)   i s   f o l l o w e d   u s i n g   3 . 5 m l  

of  t he   s o l u t i o n   of  E x a m p l e   2 0 ( g )   i n s t e a d   of  t h e   s o l u t i o n  

of  E x a m p l e   2 0 ( b ) .  

I m a g i n g   i s   c o m p a r a b l e   to  t h a t   in  p a r t   (d)  of  t h i s  

E x a m p l e   f o r   a l l   t u m o r   t y p e s   i m a g e d   by  t he   p r o c e d u r e s   o f  

p a r t s   ( a ) - ( d )   of  t h i s   E x a m p l e .  

(g)  The  p r o c e d u r e   of  p a r t   (a)   is   f o l l o w e d   u s i n g   3 .5   ml  

of  t he   s o l u t i o n   of   E x a m p l e   2 0 ( h )   i n s t e a d   of  t he   s o l u t i o n  

of  E x a m p l e   2 0 ( b ) .  

I m a g i n g   of  a  g l i o b l a s t o m a   of  t he   b r a i n   i s   s u c c e s s f u l ,  

s h o w i n g   t h a t   t he   h y b r i d   a n t i b o d y   can  p a s s   t h r o u g h   t h e  

b l o o d - b r a i n   b a r r i e r   and  l o c a l i z e   in  a  b r a i n   t u m o r .  

EXAMPLE  2 2  

Tumor  T h e r a p y  

(a)   A  p a t i e n t   h a v i n g   an  o v a r i a n   c a n c e r ,   o p t i o n a l l y   d e t e c t e d  

and  l o c a l i z e d   by  the   p r o c e d u r e   of  E x a m p l e   21,  i s   i n j e c t e d  

by  i n t r a v e n o u s   i n f u s i o n   w i t h   150  mCi  of  t he   s o l u t i o n   o f  

E x a m p l e   2 0 ( a )   in  50  ml  of  s t e r i l e   p h y s i o l o g i c a l   s a l i n e .  

R e d u c t i o n   in  t u m o r   s i z e   i s   o b s e r v e d   w i t h i n   20  d a y s .   T h e  

d o s e   i s   r e p e a t e d   a t   i n t e r v a l s   a d j u s t e d   on  an  i n d i v i d u a l  

b a s i s .  

(b)  A  p a t i e n t   h a v i n g   a  c e r v i c a l   c a n c e r   o p t i o n a l l y   d e t e c t e d  

and  l o c a l i z e d   by  the   p r o c e d u r e   of  E x a m p l e   21,  i s   i n j e c t e d  

w i t h   an  a m o u n t   of  t he   s o l u t i o n   of  E x a m p l e   2 0 ( i ) ( i n   50  ml 



of  s t e r i l e   p h y s i o l o g i c a l   s a l i n e )   s u f f i c i e n t   to  p rov ide   2.8  mCi 

of  131I  a c t i v i t y   based  on  a  70  kg  p a t i e n t   w e i g h t .  

The  tumor  is  p r e c i s e l y   l o c a l i z e d   12  hours  a f t e r   i n j e c -  

t ion  using  the  p rocedure   of  Example  21.  A  well  c o l l i m a t e d   beam 

of  thermal  n e u t r o n s   is  focused  on  the  de f ined   tumor  l o c a t i o n s .  

I r r a d i a t i o n   with  3X1012  neu t rons   per  em2  is  e f f e c t e d   for  each  .. 

tumor  locus ,   and  is  o p t i o n a l l y   r e p e a t e d   with  a d m i n i s t r a t i o n  

of  the  t u m o r - l o c a l i z i n g   a n t i b o d y ,   with  or  w i t h o u t   the  r a d i o -  

l a b e l ,   at  i n t e r v a l s   a d j u s t e d   on  an  i n d i v i d u a l   b a s i s .   S u c c e s s -  

ful  tumor  r e d u c t i o n   is  o b s e r v e d .  

(c)   The  p r o c e d u r e   of  p a r t   (b)  i s   r e p e a t e d   e x c e p t   t h a t   t h e  

s o l u t i o n   of  E x a m p l e   2 0 ( j )   is   u s e d   i n s t e a d   of  the   s o l u t i o n  

of  E x a m p l e   2 0 ( i ) ,   and  the   p a t i e n t   has   a  c o l o n   c a n c e r .  

S u c c e s s f u l   t u m o r   r e d u c t i o n   i s   o b s e r v e d .  

(d)  The  p r o c e d u r e   of  p a r t   (b)  is   r e p e a t e d   e x c e p t   t h a t   t h e  

s o l u t i o n   of  E x a m p l e   2 0 ( k )   i s   u s e d   i n s t e a d   of  t he   s o l u t i o n  

of  E x a m p l e   2 0 ( i ) ,   and  the   p a t i e n t   has   a  g e r m - c e l l   t u m o r  

of  t he   t e s t i s .   S u c c e s s f u l   t u m o r   r e d u c t i o n   is   o b s e r v e d ,  

i n c l u d i n g   r e d u c t i o n   of  a b d o m i n a l   m e t a s t a s e s .  

(e)   The  p r o c e d u r e   of  p a r t   (b)  i s   r e p e a t e d   e x c e p t   t h a t   t h e  

s o l u t i o n   of  E x a m p l e   2 0 ( 1 )   is   u s e d   i n s t e a d   of  t he   s o l u t i o n  

of  E x a m p l e   2 0 ( i ) ,   and  the   p a t i e n t   has   a  g l i o b l a s t o m a   o f  

the   b r a i n .   S u c c e s s f u l   t u m o r   r e d u c t i o n   i s   o b s e r v e d .  

The  p r e c e d i n g   e x a m p l e s   can  b.e  r e p e a t e d   w i t h   s i m i l a r  

s u c c e s s   by  s u b s t i t u t i n g   t he   g e n e r i c a l l y   or  s p e c i f i c a l l y  

d e s c r i b e d   r e a c t a n t s   a n d / o r   o p e r a t i n g   c o n d i t i o n s   of  t h i s  

i n v e n t i o n   f o r   t h o s e   u s e d   in  t he   p r e c e d i n g   e x a m p l e s .  

From  the   f o r e g o i n g   d e s c r i p t i o n ,   one  s k i l l e d   in  t h e  

a r t   can  e a s i l y   a s c e r t a i n   the   e s s e n t i a l   c h a r a c t e r i s t i c s   o f  

t h i s   i n v e n t i o n ,   and  w i t h o u t   d e p a r t i n g   f rom  the   s p i r i t   a n d  

s c o p e   t h e r e o f ,   can  make  v a r i o u s   c h a n g e s   and  m o d i f i c a t i o n s  



of  t he   i n v e n t i o n   to  a d a p t   i t   t o  v a r i o u s   u s a g e s   a n d  

c o n d i t i o n s .  



1.  In  a  m e t h o d   f o r   d e t e r m i n i n g   the   l o c a t i o n   of  a 

t umor   wh ich   p r o d u c e s   or  i s   a s s o c i a t e d   w i t h   c a r c i n o e m b r y o n i c  

a n t i g e n   (CEA),   w h i c h   c o m p r i s e s   i n j e c t i n g   a  s u b j e c t  

p a r e n t e r a l l y   w i t h   an  a n t i b o d y   s p e c i f i c   to  CEA  and  r a d i o -  

l a b e l e d   w i t h   a  p h a r m a c o l o g i c a l l y   i n e r t   r a d i o i s o t o p e  

c a p a b l e   of  d e t e c t i o n   u s i n g   a  p h o t o s c a n n i n g   d e v i c e   a n d  

s u b s e q u e n t l y   s c a n n i n g   the   s u b j e c t   w i t h   s a i d   d e v i c e   t o  

d e t e r m i n e   the   l o c a t i o n   of  t he   r e s u l t a n t   u p t a k e   of  s a i d  

l a b e l e d   a n t i b o d y   by  s a i d   t u m o r ;  

the   i m p r o v e m e n t   w h i c h   c o m p r i s e s   c o n c u r r e n t l y   i n j e c t -  

ing   s a i d   s u b j e c t   w i t h   n o r m a l   i m m u n o g l o b u l i n   f rom  t h e   s a m e  

or  d i f f e r e n t   s p e c i e s   as  t h a t   u s e d   to  p r e p a r e   s a i d   s p e c i f i c  

a n t i b o d y ,   s a i d   n o r m a l   i m m u n o g l o b u l i n   b e i n g   r a d i o l a b e l e d  

w i t h   a  d i f f e r e n t   r a d i o i s o t o p e   of  t h e   same  e l e m e n t   used   t o  

l a b e l   t he   s p e c i f i c   a n t i b o d y   and  e m i t t i n g   at  an  e n e r g y  

c a p a b l e   of  i n d e p e n d e n t   d e t e c t i o n   u s i n g   s a i d   p h o t o s c a n n i n g  

d e v i c e ,   t he   l e v e l   of  a c t i v i t y   of  t he   l a b e l e d   n o r m a l  

i m m u n o g l o b u l i n   b e i n g   u s e d   to  d e t e r m i n e   the   d i s t r i b u t i o n  

of  b a c k g r o u n d   a c t i v i t y   due  to  n o n - t a r g e t e d   s p e c i f i c  

a n t i b o d y ,   s a i d   d i s t r i b u t i o n   b e i n g   s u b t r a c t e d   f rom  t h e  

t o t a l   a c t i v i t y   of  s p e c i f i c   a n t i b o d y   w h e r e b y   the   a c t i v i t y  

of  s u b s t a n t i a l l y   o n l y   the   t a r g e t e d   t u m o r - a s s o c i a t e d  

a n t i b o d y   is   d e t e r m i n e d .  

2.  The  m e t h o d   of  c l a i m   1,  w h e r e i n   t he   s p e c i f i c  

a n t i - C E A   a n t i b o d y   is   l a b e l e d   w i t h   one  o f  ,   and  t he   n o r m a l  

i m m u n o g l o b u l i n   is  l a b e l e d   w i t h   t he   o t h e r   of  I o d i n e - 1 3 1  

and  I o d i n e - 1 2 3 ;   I n d i u m - 1 1 1   and  I n d i u m - 1 1 3 m ;   G a l l i u m - 6 7  

and  G a l l i u m - 6 8 ;   R u t h e n i u m - 9 7   and  R u t h e n i u m - 1 0 3 ;   o r  

M e r c u r y - 1 9 7   and  M e r c u r y - 2 0 3 .  

3.  The  m e t h o d   of  c l a i m   1,  w h e r e i n   the   s p e c i f i c  

a n t i - C E A   a n t i b o d y   is   l a b e l e d   w i t h   one  of  I o d i n e - 1 3 1   o r  

I o d i n e - 1 2 3   and  the   n o r m a l   i m m u n o g l o b u l i n   is   l a b e l e d   w i t h  

the   o t h e r   of  I o d i n e - 1 3 1   or  I o d i n e - 1 2 3 .  



4.  The  m e t h o d   of  c l a i m   1,  w h e r e i n   t he   a m o u n t   o f  

r a d i o l a b e l   i n t r o d u c e d   i n t o   t he   s p e c i f i c   a n t i - C E A   a n t i b o d y  

is   s u f f i c i e n t   to  r e d u c e   the   CEA  s p e c i f i c   i m m u n o r e a c t i v i t y  

of  s a i d   a n t i b o d y   by  f rom  5  to  33%.  

5.  The  m e t h o d   of  c l a i m   4,  w h e r e i n   s a i d   i m m u n o r e -  

a c t i v i t y   i s   r e d u c e d   by  f rom  10  to  2 5 % .  

6.  The  m e t h o d   of  c l a i m   4,  w h e r e i n   t he   s p e c i f i c  

a n t i - C E A   a n t i b o d y   i s   r a d i o l a b e l e d   w i t h   I o d i n e - 1 3 1   o r  

I o d i n e - 1 2 3 ,   an  a v e r a g e   of  at   l e a s t   2 . 5   a t o m s   of  i o d i n e  

pe r   a n t i b o d y   m o l e c u l e   b e i n g   i n t r o d u c e d .  

7.  The  m e t h o d   of  c l a i m   6,  w h e r e i n   an  a v e r a g e   of  a t  

l e a s t   5  a t o m s   of  i o d i n e   pe r   a n t i b o d y   m o l e c u l e   a r e   i n t r o -  

d u c e d   by  d i r e c t   c h e m i c a l   s u b s t i t u t i o n .  

8.  In  a  m e t h o d   f o r   d e t e r m i n i n g   t he   l o c a t i o n   of  a 

t u m o r   w h i c h   p r o d u c e s   or  is   a s s o c i a t e d   w i t h   c a r c i n o e m b r y o n i c  

a n t i g e n ,   w h i c h   c o m p r i s e s   i n j e c t i n g   a  s u b j e c t   p a r e n t e r a l l y  

w i t h   an  a n t i b o d y   s p e c i f i c   to  CEA  and  r a d i o l a b e l e d   w i t h   a  

p h a r m a c o l o g i c a l l y   i n e r t   r a d i o i s o t o p e   c a p a b l e   of  d e t e c t i o n  

u s i n g   a  p h o t o s c a n n i n g   d e v i c e   and  s u b s e q u e n t l y   s c a n n i n g  

t h e   s u b j e c t   w i t h   s a i d   d e v i c e   to  d e t e r m i n e   the   l o c a t i o n   o f  

t he   r e s u l t a n t   u p t a k e   of  s a i d   l a b e l e d   a n t i b o d y   by  s a i d  

t u m o r ;  

t he   i m p r o v e m e n t   w h i c h   c o m p r i s e s   u s i n g   as  s a i d   a n t i -  

CEA  a n t i b o d y   a  s u b s t a n t i a l l y   m o n o s p e c i f i c   a n t i b o d y   h a v i n g  

a  C E A - s p e c i f i c   i m m u n o r e a c t i v i t y   p r i o r   to  l a b e l i n g   of  a t  

l e a s t   70%  and  a  c r o s s - r e a c t i v i t y   to  o t h e r   a n t i g e n s   o f  

l e s s   t h a n   15%,  s a i d   a n t i b o d y   b e i n g   r a d i o l a b e l e d   to  a n  

e x t e n t   s u f f i c i e n t   to  r e d u c e   i t s   C E A - s p e c i f i c   i m m u n o r e a c t i v i t y  

by  f rom  5  to  33%.  

9.  The  m e t h o d   of  c l a i m   8,  w h e r e i n   s a i d   s u b s t a n t i a l l y  

m o n o s p e c i f i c   a n t i b o d y   is   a  m o n o c l o n a l   a n t i - C E A   a n t i b o d y .  



10.  The  m e t h o d   of  c l a i m   8,  w h e r e i n   s a i d   s u b s t a n t i a l l y  

m o n o s p e c i f i c   a n t i b o d y   has   a  C E A - s p e c i f i c   i m m u n o r e a c t i v i t y  

p r i o r   to  l a b e l i n g   of  at   l e a s t   80%  and  a  c r o s s - r e a c t i v i t y  

of  l e s s   t h a n   10%. 

11.  The  m e t h o d   of  c l a i m   9,  w h e r e i n   s a i d   m o n o c l o n a l  

a n t i b o d y   has  a  C E A - s p e c i f i c   i m m u n o r e a c t i v i t y   p r i o r   t o  

l a b e l i n g   of  at  l e a s t   90%  and  a  c r o s s - r e a c t i v i t y   of  l e s s  

t h a n   10%. 

12.  The  m e t h o d   of  c l a i m   8,  w h e r e i n   s a i d   s u b s t a n t i a l l y  

m o n o s p e c i f i c   a n t i - C E A   a n t i b o d y   is  r a d i o l a b e l e d   w i t h   o n e  

of  I o d i n e - 1 3 1 ,   I o d i n e - 1 2 3 ,   I o d i n e - 1 2 6 ,   I o d i n e - 1 3 3 ,   B r o m i n e -  

77,  I n d i u m - 1 1 1 ,   I n d i u m - 1 1 3 m ,   G a l l i u m - 6 7 ,   G a l l i u m - 6 8 ,  

R u t h e n i u m - 9 5 ,   R u t h e n i u m - 9 7 ,   R u t h e n i u m - 1 0 3 ,   R u t h e n i u m - 1 0 5 ,  

M e r c u r y - 1 9 7 ,   M e r c u r y - 2 0 3 ,   R h e n i u m - 9 9 m ,   R h e n i u m - 1 0 5 ,  

R h e n i u m - 1 0 1 ,   T e l l u r i u m - 1 2 1 m ,   T e l l u r i u m - 1 2 2 m ,   T e l l u r i u m -  

125m,  T h u l i u m - 1 6 5 ,   T h u l i u m - 1 6 7 ,   T h u l i u m - 1 6 8 ,   T e c h n e t i u m -  

99m  and  F l u o r i n e - 1 8 .  

13.  The  m e t h o d   of  c l a i m   8,  w h e r e i n   s a i d   s u b s t a n t i a l l y  

m o n o s p e c i f i c   a n t i - C E A   a n t i b o d y   is  r a d i o l a b e l e d   w i t h   I o d i n e -  

131  or  I o d i n e - 1 2 3 ,   an  a v e r a g e   of  at  l e a s t   5  a t o m s   o f  

i o d i n e   per   a n t i b o d y   m o l e c u l e   b e i n g   i n t r o d u c e d .  

14.  The  m e t h o d   of  c l a i m   10,  w h e r e i n   s a i d   m o n o c l o n a l  

a n t i - C E A   a n t i b o d y   is   r a d i o l a b e l e d   w i t h   I o d i n e - 1 3 1   o r  

I o d i n e - 1 2 3 ,   an  a v e r a g e   of  at  l e a s t   5  a t o m s   of  i o d i n e   p e r  

a n t i b o d y   m o l e c u l e   b e i n g   i n t r o d u c e d .  

15.  The  m e t h o d   of  c l a i m   8,  w h i c h   f u r t h e r   c o m p r i s e s  

c o n c u r r e n t l y   i n j e c t i n g   s a i d   s u b j e c t   w i t h   n o r m a l   i m m u n o g l o -  

b u l i n   from  the   same  or  d i f f e r e n t   s p e c i e s   as  t h a t   used   t o  

p r e p a r e   s a i d   s p e c i f i c   a n t i b o d y ,   s a i d   n o r m a l   i m m u n o g l o b u l i n  

b e i n g   r a d i o l a b e l e d   w i t h   a  d i f f e r e n t   r a d i o i s o t o p e   of  t h e  

same  e l e m e n t   used   to  l a b e l   the   s p e c i f i :   nd 



e m i t t i n g   a t   an  e n e r g y   c a p a b l e   of  i n d e p e n d e n t   d e t e c t i o n  

u s i n g   s a i d   p h o t o s c a n n i n g   d e v i c e ,   t he   l e v e l   of  a c t i v i t y   o f  

the   l a b e l e d   n o r m a l   i m m u n o g l o b u l i n   b e i n g   u s e d   to  d e t e r m i n e  

the   d i s t r i b u t i o n   of  b a c k g r o u n d   a p t i v i t y   due  to  n o n -  

t a r g e t e d   s p e c i f i c   a n t i b o d y ,   s a i d   d i s t r i b u t i o n   b e i n g  

s u b t r a c t e d   f rom  t he   t o t a l   a c t i v i t y   of  s p e c i f i c   a n t i b o d y  

w h e r e b y   t h e   a c t i v i t y   of  s u b s t a n t i a l l y   o n l y   t h e   t a r g e t e d ,  

t u m o r - a s s o c i a t e d   a n t i b o d y   i s   d e t e r m i n e d .  

16.  The  m e t h o d   of  c l a i m   15,  w h e r e i n   s a i d   s u b s t a n -  

t i a l l y   m o n o s p e c i f i c   a n t i b o d y   i s   l a b e l e d   w i t h   one  of  1 - 1 3 1  

and  1 - 1 2 3 ,   and  s a i d   n o r m a l   i m m u n o g l o b u l i n   i s   l a b e l e d   w i t h  

the   o t h e r   of  I - 1 3 1   and  I - 1 2 3 .  

17.  S u b s t a n t i a l l y   m o n o s p e c i f i c   a n t i - C E A   a n t i b o d y  

h a v i n g   a  C E A - s p e c i f i c   i m m u n o r e a c t i v i t y   p r i o r   to  l a b e l i n g  

of  a t   l e a s t   70%  and  a  c r o s s - r e a c t i v i t y   to  o t h e r   a n t i g e n s  

of  l e s s   t h a n   15%,  s a i d   a n t i b o d y   b e i n g   r a d i o l a b e l e d   w i t h   a  

p h a r m a c o l o g i c a l l y   i n e r t   r a d i o i s o t o p e   c a p a b l e   of  d e t e c t i o n  

u s i n g   a  p h o t o s c a n n i n g   d e v i c e ,   t he   e x t e n t   of  r a d i o l a b e l i n g  

b e i n g   s u f f i c i e n t   to  r e d u c e   s a i d   C E A - s p e c i f i c   i m m u n o r e -  

a c t i v i t y   by  f rom  5  to  33%.  

18.   The  a n t i b o d y   of  c l a i m   1 7 , - w h e r e i n   s a i d   s u b s t a n -  

t i a l l y   m o n o s p e c i f i c   a n t i - C E A   a n t i b o d y   is   r a d i o l a b e l e d  

w i t h   one  of  I o d i n e - 1 3 1 ,   I o d i n e - 1 2 3 ,   I o d i n e - 1 2 6 ,   I o d i n e -  

1 3 3 ,  B r o m i n e - 7 7 ,   I n d i u m - 1 1 1 ,   I n d i u m - 1 1 3 m ,   G a l l i u m - 6 7 ,  

G a l l i u m - 6 8 ,   R h t h e n i u m - 9 5 ,   R u t h e n i u m - 9 7 ,   R u t h e n i u m - 1 0 3 ,  

R u t h e n i u m - 1 0 5 ,   M e r c u r y - 1 9 7 ,   M e r c u r y - 2 0 3 ,   R h e n i u m - 9 9 m ,  

R h e n i u m - 1 0 5 ,   R h e n i u m - 1 0 1 ,   T e l l u r i u m - 1 2 1 m ,   T e l l u r i u m - 1 2 2 m ,  

T e l l u r i u m - 1 2 5 m ,   T h u l i u m - 1 6 5 ,   T h u l i u m - 1 6 7 ,   T h u l i u m - 1 6 8 ,  

T e c h n e t i u m - 9 9 m   and  F l u o r i n e - 1 8 .  

19.   The  a n t i b o d y   of  c l a i m   17,  w h e r e i n   s a i d   r a d i o -  

i s o t o p e   i s   I o d i n e - 1 3 1   or  I o d i n e - 1 2 3 ,   an  a v e r a g e   of  a t  

l e a s t   2 .5   a t o m s   of  i o d i n e   pe r   a n t i b o d y   m o l e c u l e   b e i n g  



i n t r o d u c e d .  

20.  The  a n t i b o d y   of  c l a i m   17,  w h e r e i n   s a i d   CEA- 

s p e c i f i c   i m m u n o r e a c t i v i t y   is  at   l e a s t   80%  and  s a i d   c r o s s -  

r e a c t i v i t y   is   l e s s   t h a n   10%.  

21.  The  a n t i b o d y   of  c l a i m   20,  w h e r e i n   s a i d   r a d i o -  

i s o t o p e   is  I o d i n e - 1 3 1   or  I o d i n e - 1 2 3 ,   an  a v e r a g e   of  a t  

l e a s t   5  a t o m s   of  i o d i n e   per   a n t i b o d y   b e i n g   i n t r o d u c e d .  

22.  The  a n t i b o d y   of  c l a i m   17,  w h i c h   is   a  m o n o c l o n a l  

a n t i - C E A   a n t i b o d y .  

23.  The  a n t i b o d y   of  c l a i m   22,  w h e r e i n   s a i d   r a d i o -  

i s o t o p e   is  I o d i n e - 1 3 1   or  I o d i n e - 1 2 3 ,   an  a v e r a g e   of  a t  

l e a s t   5  a t o m s   of  i o d i n e   per   a n t i b o d y   b e i n g   i n t r o d u c e d .  

24.  An  i n j e c t a b l e   c o m p o s i t i o n   w h i c h   c o m p r i s e s  

(a)  an  a n t i b o d y   s p e c i f i c   to  c a r c i n o e m b r y o n i c   a n t i g e n  

and  r a d i o l a b e l e d   w i t h   a  p h a r m a c e u t i c a l l y   i n e r t   r a d i o i s o t o p e  

c a p a b l e   of  d e t e c t i o n   u s i n g   a  p h o t o s c a n n i n g   d e v i c e ;  

(b)  n o r m a l   i m m u n o g l o b u l i n   f rom  t he   same  or  d i f f e r e n t  

s p e c i e s   as  t h a t   u s e d   to  p r e p a r e   s a i d   s p e c i f i c   a n t i b o d y ,  

s a i d   n o r m a l   i m m u n o g l o b u l i n   b e i n g   r a d i o l a b e l e d   w i t h   a 

d i f f e r e n t   i s o t o p e   of  t he   same  e l e m e n t   u s e d   to  l a b e l   t h e  

s p e c i f i c   a n t i b o d y   and  e m i t t i n g   a t   an  e n e r g y   c a p a b l e   o f  

i n d e p e n d e n t   d e t e c t i o n   u s i n g   s a i d   p h o t o s c a n n i n g   d e v i c e ;  

a n d  

(c)  a  p h a r m a c e u t i c a l l y   a c c e p t a b l e   i n j e c t i o n  

v e h i c l e .  

25.  The  c o m p o s i t i o n   of  c l a i m   24,  w h e r e i n   t he   s p e c i f i c  

a n t i - C E A   a n t i b o d y   is   l a b e l e d   w i t h   one  o f ,   and  the   n o r m a l  

i m m u n o g l o b u l i n   is   l a b e l e d   w i t h   t he   o t h e r   of  I o d i n e - 1 3 1  

and  I o d i n e - 1 2 3 ;   I n d i u m - 1 1 1   and  I n d i u m - 1 1 3 m ;   G a l l i u m - 6 7  

and  G a l l i u m - 6 8 ;   R u t h e n i u m - 9 7   and  R u t h e n i u m - 1 0 3 ;   o r  



M e r c u r y - 1 9 7   and  M e r c u r y - 2 0 3 .  

26.  The  c o m p o s i t i o n   of  c l a i m   24,  w h e r e i n   the   s p e c i f i c  

a n t i - C E A   a n t i b o d y   i s   l a b e l e d   w i t h   one  of  I o d i n e - 1 3 1   o r  

I o d i n e - 1 2 3   and  the   n o r m a l   i m m u n o g l o b u l i n   i s   l a b e l e d   w i t h  

t he   o t h e r   of  I o d i n e - 1 3 1   or  I o d i n e - 1 2 3 .  

27.  An  i n j e c t a b l e   c o m p o s i t i o n   w h i c h   c o m p r i s e s :  

(a)   s u b s t a n t i a l l y   m o n o s p e c i f i c   a n t i - C E A   a n t i b o d y  

h a v i n g   a  C E A - s p e c i f i c   i m m u n o r e a c t i v i t y   p r i o r   to  l a b e l i n g  

of  a t   l e a s t   70%  and  a  c r o s s - r e a c t i v i t y   to  o t h e r   a n t i g e n s  

of  l e s s   t h a n   15%,  s a i d   a n t i b o d y   b e i n g   r a d i o l a b e l e d   w i t h   a  

p h a r m a c o l o g i c a l l y   i n e r t   r a d i o i s o t o p e   c a p a b l e   of  d e t e c t i o n  

u s i n g   a  p h o t o s c a n n i n g   d e v i c e ,   t he   e x t e n t   of  r a d i o l a b e l i n g  

b e i n g   s u f f i c i e n t   to  r e d u c e   s a i d   C E A - s p e c i f i c   i m m u n o r e -  

a c t i v i t y   by  f rom  5  to  33%;  a n d  

(b)  a  p h a r m a c e u t i c a l l y   a c c e p t a b l e   i n j e c t i o n  

v e h i c l e .  

28.  The  c o m p o s i t i o n   of  c l a i m   27,   w h e r e i n   s a i d   CEA- 

s p e c i f i c   i m m u n o r e a c t i v i t y   i s   a t   l e a s t   80%  and  s a i d   c r o s s -  

r e a c t i v i t y   is   l e s s   t h a n   10%.  

29.  The  c o m p o s i t i o n   of  c l a i m   28,  w h e r e i n   s a i d  

r a d i o i s o t o p e   is   I o d i n e - 1 3 1   or  I o d i n e - 1 2 3 ,   an  a v e r a g e   o f  

a t   l e a s t   5  a t o m s   of  i o d i n e   pe r   a n t i b o d y   b e i n g   i n t r o d u c e d .  

30.  The  c o m p o s i t i o n   of  c l a i m   27,   w h e r e i n   s a i d  

a n t i b o d y   i s   a  m o n o c l o n a l   a n t i - C E A   a n t i b o d y .  

31.  The  c o m p o s i t i o n   of  c l a i m   30,  w h e r e i n   s a i d  

r a d i o i s o t o p e   is   I o d i n e - 1 3 1   or  I o d i n e - 1 2 3 ,   an  a v e r a g e   o f  

at   l e a s t   5  a t o m s   of  i o d i n e   pe r   a n t i b o d y   b e i n g   i n t r o d u c e d .  

32.  A  m e t h o d   of  t u m o r   r a d i o t h e r a p y ,   w h i c h   c o m p r i s e s  

p a r e n t e r a l l y   i n j e c t i n g   i n t o   a  s u b j e c t   h a v i n g   a  t u m o r  



which   p r o d u c e s   or  is  a s s o c i a t e d   w i t h   c a r c i n o e m b r y o n i c  

a n t i g e n   (CEA)  a  t u m o r - r e d u c i n g   a m o u n t   of  an  a n t i b o d y  

w h i c h   is   s p e c i f i c   to  CEA  and  r a d i o l a b e l e d   w i t h   a  p h a r m a -  

c o l o g i c a l l y   i n e r t ,   r a d i o t h e r a p e u t i c a l l y   e f f e c t i v e  

r a d i o i s o t o p e .  

33.  The  m e t h o d   of  c l a i m   32,  w h e r e i n   s a i d   a n t i b o d y  

is  s u b s t a n t i a l l y   m o n o s p e c i f i c   to  CEA,  h a v i n g   a  CEA- 

s p e c i f i c   i m m u n o r e a c t i v i t y   p r i o r   to  l a b e l i n g   of  a t   l e a s t  

70%  and  a  c r o s s - r e a c t i v i t y   to  o t h e r   a n t i g e n s   of  l e s s   t h a n  

15%. 

34.  The  me thod   of  c l a i m   33,  w h e r e i n   s a i d   a n t i b o d y  

is  a  m o n o c l o n a l   a n t i - C E A   a n t i b o d y .  

35.  The  m e t h o d   of  c l a i m   32,  w h e r e i n   s a i d   r a d i o i s o t o p e  

is  1 -131   and  s a i d   a m o u n t   is  f rom  25  to  250  mCi  per   a d m i n i s -  

t r a t i o n .  

36.  A  m e t h o d   of  t u m o r   r a d i o t h e r a p y ,   w h i c h   c o m p r i s e s  

p a r e n t e r a l l y   i n j e c t i n g   i n t o   a  s u b j e c t   h a v i n g   a  t u m o r  

which   p r o d u c e s   or  is   a s s o c i a t e d   w i t h   c a r c i n o e m b r y o n i c  

a n t i g e n   (CEA)  a  r a d i o t h e r a p e u t i c a l l y   e f f e c t i v e   a m o u n t   o f  

an  a n t i b o d y   wh ich   is   s p e c i f i c   to  CEA  and  r a d i o l a b e l e d  

w i t h   a  p h a r m a c o l o g i c a l l y   i n e r t   r a d i o i s o t o p e   c a p a b l e   o f  

d e t e c t i o n   w i t h   a  p h o t o s c a n n i n g   d e v i c e ,   s a i d   l a b e l e d  

a n t i b o d y   f u r t h e r   c o n t a i n i n g   in  c h e m i c a l   c o m b i n a t i o n   a t  

l e a s t   one  a d d e n d   c o n t a i n i n g   at  l e a s t   f i v e   a t o m s   of  b o r o n  

w i t h   at  l e a s t   a  n a t u r a l   a b u n d a n c e   of  B o r o n - 1 0   i s o t o p e ;  

w h e r e i n   the   l o c a t i o n   of  s a i d   t u m o r   is  d e t e r m i n e d   u s i n g  

s a i d   p h o t o s c a n n i n g   d e v i c e ,   and  a  beam  of  t h e r m a l   n e u t r o n s  

is  t h e n   d i r e c t e d   at  s a i d   t u m o r   l o c a t i o n .  

37.  An  a n t i b o d y   w h i c h   is  s p e c i f i c   to  c a r c i n o -  

e m b r y o n i c   a n t i g e n ,   s a i d   a n t i b o d y   b e i n g   r a d i o l a b e l e d   w i t h  

a  p h a r m a c o l o g i c a l l y   i n e r t   r a d i o i s o t o p e  



d e t e c t i o n   w i t h   a  p h o t o s c a n n i n g   d e v i c e ,   s a i d   l a b e l e d  

a n t i b o d y   f u r t h e r   c o n t a i n i n g   in  c h e m i c a l   c o m b i n a t i o n   a t  

l e a s t   one  a d d e n d   c o n t a i n i n g   a t   l e a s t   f i v e   a t o m s   of  b o r o n  

w i t h   a t   l e a s t   a  n a t u r a l   a b u n d a n c e   of  B o r o n - 1 0   i s o t o p e .  

38.  An  i n j e c t a b l e   c o m p o s i t i o n ,   w h i c h   c o m p r i s e s :  

(a)   an  a n t i b o d y   w h i c h   i s   s p e c i f i c   to  c a r c i n o e m -  

b r y o n i c   a n t i g e n ,   s a i d   a n t i b o d y   b e i n g   r a d i o l a b e l e d   w i t h   a 

p h a r m a c o l o g i c a l l y   i n e r t   r a d i o i s o t o p e   c a p a b l e   of  d e t e c t i o n  

w i t h   a  p h o t o s c a n n i n g   d e v i c e ,   s a i d   l a b e l e d   a n t i b o d y  

f u r t h e r   c o n t a i n i n g   in  c h e m i c a l   c o m b i n a t i o n   at   l e a s t   o n e  

a d d e n d   c o n t a i n i n g   at   l e a s t   f i v e   a t o m s   of  b o r o n   w i t h   a t  

l e a s t   a  n a t u r a l   a b u n d a n c e   of  B o r o n - 1 0   i s o t o p e ;   a n d  

(b)  a  p h a r m a c e u t i c a l l y   a c c e p t a b l e   i n j e c t i o n  

v e h i c l e .  

39.  The  i n j e c t a b l e   c o m p o s i t i o n   of  c l a i m   38,  w h i c h  

f u r t h e r   c o m p r i s e s   n o r m a l   i m m u n o g l o b u l i n   f rom  the   same  o r  

d i f f e r e n t   s p e c i e s   as  t h a t   u s e d   to  p r e p a r e   s a i d   s p e c i f i c  

a n t i b o d y ,   s a i d   n o r m a l   i m m u n o g l o b u l i n   b e i n g   r a d i o l a b e l e d  

w i t h   a  d i f f e r e n t   i s o t o p e   of  t he   same  e l e m e n t   u s e d   t o  

l a b e l   t he   s p e c i f i c   a n t i b o d y   and  e m i t t i n g   an  e n e r g y  

c a p a b l e   of  i n d e p e n d e n t   d e t e c t i o n   u s i n g   s a i d   p h o t o s c a n n i n g  

d e v i c e .  

40.  A  m e t h o d   f o r   d e t e c t i n g   and  l o c a l i z i n g   a  t u m o r  

w h i c h   p r o d u c e s   or  i s   a s s o c i a t e d   w i t h   an  i n t r a c e l l u l a r  

m a r k e r   s u b s t a n c e ,   w h i c h   c o m p r i s e s   i n j e c t i n g   a  s u b j e c t  

p a r e n t e r a l l y   w i t h   an  a n t i b o d y   s p e c i f i c   to  s a i d   m a r k e r  

s u b s t a n c e   and  r a d i o l a b e l e d   w i t h   a  p h a r m a c o l o g i c a l l y   i n e r t  

r a d i o i s o t o p e   c a p a b l e   of  d e t e c t i o n   u s i n g   a  p h o t o s c a n n i n g  

d e v i c e ,   and  s u b s e q u e n t l y   s c a n n i n g   w i t h   s a i d   d e v i c e   t o  

d e t e c t   and  l o c a t e   t he   s i t e   or  s i t e s   of  u p t a k e   of  s a i d  

l a b e l e d   a n t i b o d y   by  s a i d   t u m o r .  

41.  The  m e t h o d   of  c l a i m   40,  w h e r e i n   s a i d   m a r k e r -  



s p e c i f i c   a n t i b o d y   is  a  s u b s t a n t i a l l y   m o n o s p e c i f i c  

a n t i b o d y   h a v i n g   a  m a r k e r - s p e c i f i c   i m m u n o r e a c t i v i t y   p r i o r  

to  l a b e l i n g   of  at  l e a s t   70%  and  a  c r o s s - r e a c t i v i t y   t o  

n o n - t u m o r - a s s o c i a t e d   a n t i g e n s   of  l e s s   t h a n   15%.  

42.  The  m e t h o d   of  c l a i m   41,  w h e r e i n   s a i d   s u b s t a n -  

t i a l l y   m o n o s p e c i f i c   a n t i b o d y   is  a  m o n o c l o n a l   a n t i b o d y .  

43.  The  m e t h o d   of  c l a i m   41,  w h e r e i n   s a i d   a n t i b o d y  

is  r a d i o l a b e l e d   to  an  e x t e n t   s u f f i c i e n t   to  r e d u c e   i t s  

m a r k e r - s p e c i f i c   i m m u n o r e a c t i v i t y   by  f rom  5  to  33%. 

44.  The  m e t h o d   of  c l a i m   43,  w h e r e i n   s a i d   s u b s t a n -  

t i a l l y   m o n o s p e c i f i c   a n t i b o d y   is   r a d i o l a b e l e d   w i t h   I o d i n e -  

131  or  I o d i n e - 1 2 3 ,   an  a v e r a g e   of  at  l e a s t   5  a t o m s   o f  

i o d i n e   per   a n t i b o d y   m o l e c u l e   b e i n g   i n t r o d u c e d   by  d i r e c t  

s u b s t i t u t i o n   of  i o d i n e   f o r   h y d r o g e n   on  the   a n t i b o d y  

m o l e c u l e .  

45.  The  m e t h o d   of  c l a i m   40,  w h e r e i n   s a i d   r a d i o i s o t o p e  

is  one  of  I o d i n e - 1 3 1 ,   I o d i n e - 1 2 3 ,   I o d i n e - 1 2 6 ,   I o d i n e - 1 3 3 ,  

B r o m i n e - 7 7 ,   I n d i u m - 1 1 1 ,   I n d i u m - 1 1 3 m ,   G a l l i u m - 6 7 ,   G a l l i u m -  

68,  R u t h e n i u m - 9 5 ,   R u t h e n i u m - 9 7 ,   R u t h e n i u m - 1 0 3 ,   R u t h e n i u m -  

105,   M e r c u r y - 1 9 7 ,   M e r c u r y - 2 0 3 ,   R h e n i u m - 9 9 m ,   R h e n i u m - 1 0 5 ,  

R h e n i u m - 1 0 1 ,   T e l l u r i u m - 1 2 1 m ,   T e l l u r i u m - 1 2 2 m ,   T e l l u r i u m -  

125m,  T h u l i u m - 1 6 5 ,   T h u l i u m - 1 6 7 ,   T h u l i u m - 1 6 8 ,   T e c h n e t i u m -  

99m  and  F l u o r i n e - 1 8 .  

46.  The  m e t h o d   of  c l a i m   40,  w h e r e i n   s a i d   m a r k e r  

s u b s t a n c e   is  an  o n c o f e t a l   a n t i g e n .  

47.  The  m e t h o d   of  c l a i m   40,  w h e r e i n   s a i d   m a r k e r  

s u b s t a n c e   is   a  p l a c e n t a l   a n t i g e n .  

48.  The  m e t h o d   of  c l a i m   40,  w h e r e i n   s a i d   m a r k e r  

s u b s t a n c e   i s   an  o n c o g e n i c   or  tumor   v i  e d  



a n t i g e n .  

49.  The  m e t h o d   of  c l a i m   40,  w h e r e i n   s a i d   m a r k e r  

s u b s t a n c e   i s   a  t i s s u e -   or  o r g a n - a s s o c i a t e d   a n t i g e n ,   a n  

e c t o p i c   h o r m o n e   or  a  n o r m a l   a n t i g e n   or  v a r i a n t   t h e r e o f .  

50.  The  m e t h o d   of  c l a i m   40,  w h e r e i n   s a i d   m a r k e r  

s u b s t a n c e   i s   a l p h a - f e t o p r o t e i n ( A F P ) .  

51.  The  m e t h o d   of  c l a i m   40,  w h e r e i n   s a i d   m a r k e r  

s u b s t a n c e   i s   human  c h o r i o n i c   g o n a d o t r o p i n   ( H C G ) .  

52.  The  m e t h o d   of  c l a i m   40,  w h e r e i n   s a i d   m a r k e r  

s u b s t a n c e   i s   c o l o n - s p e c i f i c   a n t i g e n - p   ( C S A p ) .  

53.   The  m e t h o d   of  c l a i m   40,  w h e r e i n   s a i d   m a r k e r  

s u b s t a n c e   i s   one  of  p r o s t a t i c   a c i d   p h o s p h a t a s e ,   p a n -  

c r e a t i c   o n c o f e t a l   a n t i g e n ,   p l a c e n t a l   a l k a l i n e   p h o s p h a t a s e ,  

p r e g n a n c y   b e t a l - g l o b u l i n ,   p a r a t h o r m o n e ,   c a l c i t o n i n ,  

t i s s u e   p o l y p e p t i d e   a n t i g e n ,   T - a n t i g e n ,   b e t a 2 - m i c r o g l o b u l i n ,  

g a l a c t y o s y l   t r a n s f e r a s e - I I   ( G T - I I ) ,   g p - 5 2   v i r a l  

a s s o c i a t e d   a n t i g e n ,   o v a r i a n   c y s t a d e n o c a r c i n o m a - a s s o c i a t e d  

a n t i g e n   (OCAA),  o v a r i a n   t u m o r - s p e c i f i c   a n t i g e n   ( O C A ) ,  

c e r v i c a l   c a n c e r   a n t i g e n s   (CA-58  CCA,  T A - 4 ) ,   b a s i c  

f e t o p r o t e i n   ( B F P ) ,   t e r m i n a l   d e o x y n u c l e o t i d y l   t r a n s f e r a s e  

( T d T ) ,   c y t o p l a s m i c   m e l a n o m a - a s s o c i a t e d   a n t i g e n s ,   h u m a n  

a s t r o c y t o m a - a s s o c i a t e d   a n t i g e n   (HAAA),  common  g l i o m a  

a n t i g e n   (CGA),   g l i o e m b r y o n i c   a n t i g e n   (GEA),   g l i a l  

f i b r i l l a r y   a c i d i c   p r o t e i n   (GFA),   common  m e n i n g i o m a  

a n t i g e n   (CMA)  and  t u m o r   a n g i o g e n e s i s   f a c t o r   ( T A F ) .  

54.  The  m e t h o d   of  c l a i m   40,  w h e r e i n   p r i o r   to  p h o t o -  

s c a n n i n g ,   a  r e f e r e n c e   s u b s t a n c e   is   i n j e c t e d   i n t o   t h e  

s u b j e c t ,   s a i d   r e f e r e n c e   s u b s t a n c e   b e i n g   r a d i o l a b e l e d   w i t h  

a  r a d i o i s o t o p e   e m i t t i n g   at  a  d i f f e r e n t   e n e r g y   f rom  t h e  

m a r k e r - s p e c i f i c   a n t i b o d y   l a b e l   and  c a p a b l e   of  i n d e p e n d e n t  



d e t e c t i o n   by  s a i d   p h o t o s c a n n i n g   d e v i c e ,   the   l e v e l   o f  

a c t i v i t y   of  s a i d   r e f e r e n c e   s u b s t a n c e   b e i n g   used   t o  

d e t e r m i n e   the   b a c k g r o u n d   a c t i v i t y   due  to  n o n - t a r g e t e d  

s p e c i f i c   a n t i b o d y ,   s a i d   b a c k g r o u n d   a c t i v i t y   b e i n g  

s u b t r a c t e d   f rom  the   t o t a l   a c t i v i t y   of  the   s p e c i f i c  

a n t i b o d y ,   w h e r e b y   the   a c t i v i t y   of  s u b s t a n t i a l l y   o n l y   t h e  

t a r g e t e d ,   t u m o r - a s s o c i a t e d   a n t i b o d y   is   d e t e r m i n e d .  

55.  The  m e t h o d   of  c l a i m   54,  w h e r e i n   s a i d   r e f e r e n c e  

s u b s t a n c e   is   at  l e a s t   one  of  t e c h n e t i u m - 9 9 m - l a b e l e d  

n o r m a l   h u q a n   i m m u n o g l o b u l i n ,   t e c h n e t i u m - 9 9 m - l a b e l e d   h u m a n  

serum  albumin,  t e c h n e t i u m - 9 9 m - s u l f u r   c o l l o i d   and  t e c h n e t i u m - 9 9 m -  

p e r t e c h n e t a t e .  

56.  The  m e t h o d   of  c l a i m   54,  w h e r e i n   s a i d   r e f e r e n c e  

s u b s t a n c e   is   n o r m a l   i m m u n o g l o b u l i n   from  the   same  o r  

d i f f e r e n t   s p e c i e s   as  t h a t   u s e d   to  p r e p a r e   s a i d   s p e c i f i c  

a n t i b o d y ,   s a i d   n o r m a l   i m m u n o g l o b u l i n   b e i n g   r a d i o l a b e l e d  

w i t h   a  d i f f e r e n t   i s o t o p e   of  the   same  e l e m e n t   u sed   t o  

l a b e l   the   s p e c i f i c   a n t i b o d y .  

57.  The  m e t h o d   of  c l a i m   56,  w h e r e i n   s a i d   r a d i o l a b e l e d  

n o r m a l   i m m u n o g l o b u l i n   i s   i n j e c t e d   c o n c u r r e n t l y   w i t h   s a i d  

r a d i o l a b e l e d   m a r k e r - s p e c i f i c   a n t i b o d y .  

58.  The  m e t h o d   of  c l a i m   56,  w h e r e i n   t he   s p e c i f i c  

a n t i b o d y   is  l a b e l e d   w i t h   one  of  a  p a i r   of  r a d i o i s o t o p e s  

and  the   n o r m a l   i m m u n o g l o b u l i n   i s   l a b e l e d   w i t h   t he   o t h e r  

of  the   p a i r ,   s a i d   p a i r   b e i n g   one  of  I o d i n e - 1 3 1   a n d  

I o d i n e - 1 2 3 ;   I n d i u m - 1 1 1   and  I n d i u m - 1 1 3 m ;   G a l l i u m - 6 7   a n d  

G a l l i u m - 6 8 ;   R u t h e n i u m - 9 7   and  R u t h e n i u m - 1 0 3 ;   or  M e r c u r y -  

197  and  M e r c u r y - 2 0 3 .  

59.  An  i n j e c t a b l e   c o m p o s i t i o n ,   w h i c h   c o m p r i s e s  

(a)   a  s u b s t a n t i a l l y   m o n o s p e c i f i c   a n t i b o d y   h a v i n g   a 

s p e c i f i c   i m m u n o r e a c t i v i t y   of  at  l e a s t   70%  to  an  i n t r a -  



c e l l u l a r   m a r k e r   s u b s t a n c e   p r o d u c e d   by  or  a s s o c i a t e d   w i t h  

a  t u m o r   and  a  c r o s s - r e a c t i v i t y   to  n o n - t u m o r   a s s o c i a t e d  

a n t i g e n s   of  l e s s   t h a n   15%;  s a i d   a n t i b o d y   b e i n g   r a d i o l a b e l e d  

w i t h   one  of  I o d i n e - 1 3 1   and  I o d i n e - 1 2 3   by  d i r e c t   s u b s t i t u -  

t i o n   of  i o d i n e   f o r   h y d r o g e n   on  t h e   a n t i b o d y   m o l e c u l e   t o  

an  e x t e n t   s u f f i c i e n t   to  r e d u c e   i t s   s p e c i f i c   i m m u n o r e a c t i v i t y  

by  from  5  to  33%;  

(b)  n o r m a l   i m m u . n o g l o b u l i n   f rom  the   same  or  d i f f e r e n t  

s p e c i e s   as  t h a t   u sed   to  p r e p a r e   s a i d   s p e c i f i c   a n t i b o d y ,  

s a i d   n o r m a l   i m m u n o g l o b u l i n   b e i n g   r a d i o l a b e l e d   w i t h   t h e  

o t h e r   of  I o d i n e - 1 3 1   and  I o d i n e - 1 2 3   by  d i r e c t   s u b s t i t u t i o n  

of  i o d i n e   f o r   h y d r o g e n   on  t he   i m m u n o g l o b u l i n   m o l e c u l e ;  

a n d  

(c)  a  p h a r m a c e u t i c a l l y   a c c e p t a b l e   i n j e c t i o n  

v e h i c l e .  

60.  The  c o m p o s i t i o n   of  c l a i m   59,  w h e r e i n   s a i d  

m o n o s p e c i f i c   a n t i b o d y   is   a  m o n o c l o n a l   a n t i b o d y .  

61.  The  c o m p o s i t i o n   of  c l a i m   60,  w h e r e i n   s a i d  

m o n o c l o n a l   a n t i b o d y   is   r a i s e d   in  a  m o n k e y ,   and  a n t i b o d y -  

p r o d u c i n g   monkey   lymph  or  s p l e e n   c e l l s   a r e   f u s e d   w i t h  

human  or  mouse   m y e l o m a   c e l l s   to  p r o d u c e   h y b r i d   c e l l s  

w h i c h   a r e   i s o l a t e d ,   c l o n e d   and  s e l e c t e d   f o r   t h e i r   a b i l i t y  

to  p r o d u c e   m o n o c l o n a l   a n t i b o d i e s   s p e c i f i c   to  s a i d   m a r k e r  

s u b s t a n c e .  

62.  The  c o m p o s i t i o n   of  c l a i m   59,  w h e r e i n   s a i d  

m a r k e r   s u b s t a n c e   i s   one  of  AFP,  HCG  and  CSAp.  

63.  The  c o m p o s i t i o n   of  c l a i m   59,  w h e r e i n   s a i d  

m a r k e r   s u b s t a n c e   i s   one  of  p r o s t a t i c   a c i d   p h o s p h a t a s e ,  

p a n c r e a t i c   o n c o f e t a l   a n t i g e n ,   p l a c e n t a l   a l k a l i n e  

p h o s p h a t a s e ,   p r e g n a n c y   b e t a l - g l o b u l i n ,   p a r a t h o r m o n e ,  

c a l c i t o n i n ,   t i s s u e   p o l y p e p t i d e   a n t i g e n ,   T - a n t i g e n ,   b e t a 2 -  



m i c r o g l o b u l i n ,   g a l a c t y o s y l   t r a n s f e r a s e - I I   ( G T - I I ) ,   g p - 5 2  

v i r a l - a s s o c i a t e d   a n t i g e n ,   o v a r i a n   c y s t a d e n o c a r c i n o m a -  

a s s o c i a t e d   a n t i g e n   (OCAA),  o v a r i a n   t u m o r - s p e c i f i c   a n t i g e n  

(OCA),  c e r v i c a l   c a n c e r   a n t i g e n s   ( C A - 5 8 ,   CCA,  T A - 4 ) ,   b a s i c  

f e t o p r o t e i n   ( B F P ) ,   t e r m i n a l   d e o x y n u c l e o t i d y l   t r a n s f e r a s e  

( T d T ) ,   c y t o p l a s m i c   m e l a n o m a - a s s o c i a t e d   a n t i g e n s ,   h u m a n  

a s t r o c y t o m a - a s s o c i a t e d   a n t i g e n   (HAAA),  common  g l i o m a  

a n t i g e n   (CGA),  g l i o e m b r y o n i c   a n t i g e n   (GEA),   g l i a l  

f i b r i l l a r y   a c i d i c   p r o t e i n   (GFA),   common  m e n i n g i o m a  

a n t i g e n   (CMA)  and  t u m o r   a n g i o g e n e s i s   f a c t o r   ( T A F ) .  

64.  An  a n t i b o d y   w h i c h   i s   s p e c i f i c   to  an  i n t r a c e l l u l a r  

m a r k e r   s u b s t a n c e   p r o d u c e d   by  or  a s s o c i a t e d   w i t h   a  t u m o r ,  

s a i d   a n t i b o d y   b e i n g   r a d i o l a b e l e d   w i t h   a  p h a r m a c o l o g i c a l l y  

i n e r t   r a d i o i s o t o p e   c a p a b l e   of  d e t e c t i o n   w i t h   a  p h o t o -  

s c a n n i n g   d e v i c e ,   s a i d   l a b e l e d   a n t i b o d y   f u r t h e r   c o n t a i n i n g  

in  c h e m i c a l   c o m b i n a t i o n   at  l e a s t   one  a d d e n d   c o n t a i n i n g  

at  l e a s t   f i v e   a t o m s   of  b o r o n   w i t h   at   l e a s t   a  n a t u r a l  

a b u n d a n c e   of  B o r o n - 1 0   i s o t o p e .  

65.  An  i n j e c t a b l e   c o m p o s i t i o n ,   w h i c h   c o m p r i s e s  

(a)   an  a n t i b o d y   w h i c h   is   s p e c i f i c   to  an  i n t r a c e l l u l a r  

m a r k e r   s u b s t a n c e   p r o d u c e d   by  or  a s s o c i a t e d   w i t h   a  t u m o r ,  

s a i d   a n t i b o d y   b e i n g   r a d i o l a b e l e d   w i t h   a  p h a r m a c o l o g i c a l l y  

i n e r t   r a d i o i s o t o p e   c a p a b l e   of  d e t e c t i o n   w i t h   a  p h o t o s c a n n i n g  

d e v i c e ,   s a i d   l a b e l e d   a n t i b o d y   f u r t h e r   c o n t a i n i n g   in  c h e m i c a l  

c o m b i n a t i o n   at   l e a s t   one  a d d e n d   c o n t a i n i n g   at  l e a s t   f i v e  

a t o m s   of  b o r o n   w i t h   at   l e a s t   a  n a t u r a l   a b u n d a n c e   o f  

B o r o n - 1 0   i s o t o p e ;   a n d  

(b)  a  p h a r m a c e u t i c a l l y   a c c e p t a b l e   i n j e c t i o n  

v e h i c l e .  

66.  The  i n j e c t a b l e   c o m p o s i t i o n   of  c l a i m   65,  w h i c h  

f u r t h e r   c o m p r i s e s   n o r m a l   i m m u n o g l o b u l i n   f rom  the   same  o r  

d i f f e r e n t   s p e c i e s   as  t h a t   u sed   to  p r e p a r e   s a i d   s p e c i f i c  

a n t i b o d y ,   s a i d   n o r m a l   i m m u n o g l o b u l i n   b e i n g   r a d i o l a b e l e d  



w i t h   a  d i f f e r e n t   i s o t o p e   of  t he   same  e l e m e n t   u s e d   t o  

l a b e l   t he   s p e c i f i c   a n t i b o d y   and  e m i t t i n g   an  e n e r g y  

c a p a b l e   of  i n d e p e n d e n t   d e t e c t i o n   u s i n g   s a i d   p h o t o s c a n n i n g  

d e v i c e .  

67.  A  m e t h o d   of  t u m o r   r a d i o t h e r a p y ,   w h i c h   c o m -  

p r i s e s   p a r e n t e r a l l y   i n j e c t i n g   i n t o   a  s u b j e c t   h a v i n g   a 

t u m o r   w h i c h   p r o d u c e s   or  i s   a s s o c i a t e d   w i t h   an  i n t r a -  

c e l l u l a r   m a r k e r   s u b s t a n c e   an  e f f e c t i v e   t u m o r   r e d u c i n g  

a m o u n t   of  an  a n t i b o d y   w h i c h   is   s p e c i f i c   to  s a i d   m a r k e r  

s u b s t a n c e   and  r a d i o l a b e l e d   w i t h   a  p h a r m a c o l o g i c a l l y  

i n e r t ,   r a d i o t h e r a p e u t i c a l l y   e f f e c t i v e   r a d i o i s o t o p e .  

68.  The  m e t h o d   of  c l a i m   67,  w h e r e i n   s a i d   r a d i o -  

i s o t o p e   i s   I - 1 3 1   and  s a i d   a m o u n t   i s   f rom  25  to  250  mCi 

pe r   a d m i n i s t r a t i o n .  

69.  A  m e t h o d   of  t u m o r   r a d i o t h e r a p y ,   w h i c h   c o m p r i s e s  

p a r e n t e r a l l y   i n j e c t i n g   i n t o   a  s u b j e c t   h a v i n g   a  t u m o r  

w h i c h   p r o d u c e s   or  i s   a s s o c i a t e d   w i t h   an  i n t r a c e l l u l a r  

m a r k e r   s u b s t a n c e   a  r a d i o t h e r a p e u t i c a l l y   e f f e c t i v e   a m o u n t  

of  an  a n t i b o d y   w h i c h   i s   s p e c i f i c   to  s a i d   m a r k e r   s u b s t a n c e  

and  r a d i o l a b e l e d   w i t h   a  p h a r m a c o l o g i c a l l y   i n e r t  

r a d i o i s o t o p e   c a p a b l e   of  d e t e c t i o n   w i t h   a  p h o t o s c a n n i n g  

d e v i c e ,   s a i d   l a b e l e d   a n t i b o d y   f u r t h e r   c o n t a i n i n g   i n  

c h e m i c a l   c o m b i n a t i o n   a t   l e a s t   one  a d d e n d   c o n t a i n i n g   a t  

l e a s t   f i v e   a t o m s   of  b o r o n   w i t h   at  l e a s t   a  n a t u r a l  

a b u n d a n c e   of  B o r o n - 1 0   i s o t o p e ;   w h e r e i n   t h e   l o c a t i o n   o f  

s a i d   t u m o r   i s   d e t e r m i n e d   u s i n g   s a i d   p h o t o s c a n n i n g   d e v i c e ,  

and  a  beam  of  t h e r m a l   n e u t r o n s   i s   t h e n   d i r e c t e d   at   s a i d  

t u m o r   l o c a t i o n .  

70.  A  m e t h o d   f o r   d e t e c t i n g   and  l o c a l i z i n g   a  t u m o r  

w h i c h   p r o d u c e s   or  i s   a s s o c i a t e d   w i t h   a  c y t o p l a s m i c ,   i n t r a -  

c e l l u l a r   or  c e l l - s u r f a c e   m a r k e r   s u b s t a n c e ,   w h i c h   c o m -  

p r i s e s   i n j e c t i n g   a  s u b j e c t   p a r e n t e r a l l y   w i t h   at  l e a s t   o n e  



m a r k e r - s p e c i f i c   f r a g m e n t   o b t a i n e d   by  c l e a v a g e   of  a n  

a n t i b o d y   s p e c i f i c   to  s a i d   m a r k e r   s u b s t a n c e   and  r a d i o -  

l a b e l e d   w i t h   a  p h a r m a c o l o g i c a l l y   i n e r t   r a d i o i s o t o p e  

c a p a b l e   of  d e t e c t i o n   u s i n g   a  p h o t o s c a n n i n g   d e v i c e ,   a n d  

s u b s e q u e n t l y   s c a n n i n g   w i t h   s a i d   d e v i c e   to  d e t e c t   a n d  

l o c a t e   t he   s i t e   or  s i t e s   of  u p t a k e   of  s a i d   l a b e l e d  

a n t i b o d y   f r a g m e n t   by  s a i d   t u m o r .  

71.  The  m e t h o d   of  c l a i m   70,  w h e r e i n   s a i d   m a r k e r  

s u b s t a n c e   is   an  o n c o f e t a l   a n t i g e n .  

72.  The  m e t h o d   of  c l a i m   70,  w h e r e i n   s a i d   m a r k e r  

s u b s t a n c e   i s   a  p l a c e n t a l   a n t i g e n .  

73.  The  m e t h o d   of  c l a i m   70,  w h e r e i n   s a i d   m a r k e r  

s u b s t a n c e   is   an  o n c o g e n i c   or  t u m o r   v i r u s - a s s o c i a t e d  

a n t i g e n .  

74.  The  m e t h o d   of  c l a i m   70,  w h e r e i n   s a i d   m a r k e r  

s u b s t a n c e   i s   a  t i s s u e -   or  o r g a n - a s s o c i a t e d   a n t i g e n ,   a n  

e c t o p i c   h o r m o n e   or  a  n o r m a l   a n t i g e n   or  v a r i a n t   t h e r e o f .  

75.  The  m e t h o d   of  c l a i m   70,  w h e r e i n   s a i d   m a r k e r  

s u b s t a n c e   i s   c a r c i n o e m b r y o n i c   a n t i g e n   ( C E A ) .  

7 6 .   The  m e t h o d   of  c a l i m   70,  w h e r e i n   s a i d   m a r k e r  

s u b s t a n c e   i s   a l p h a - f e t o p r o t e i n   ( A F P ) .  

77.  The  m e t h o d   of  c l a i m   70,  w h e r e i n   s a i d   m a r k e r  

s u b s t a n c e   is   human  c h o r i o n i c   g o n a d o t r o p i n   (HCG)  or  t h e  

b e t a - s u b u n i t   t h e r e o f .  

78.  The  m e t h o d   of  c l a i m   70,  w h e r e i n   s a i d   m a r k e r  

s u b s t a n c e   is   c o l o n - s p e c i f i c   a n t i g e n - p   ( C S A p ) .  

79.  The  m e t h o d   of  c l a i m   70,  w h e r e i n   s a i d   m a r k e r  



s u b s t a n c e   i s   one  of  p r o s t a t i c   a c i d   p h o s p h a t a s e ,   p a n -  

c r e a t i c   o n c o f e t a l   a n t i g e n ,   p l a c e n t a l   a l k a l i n e   p h o s -  

p h a t a s e ,   p r e g n a n c y   b e t a l - g l o b u l i n ,   p a r a t h o r m o n e ,  

c a l c i t o n i n ,   t i s s u e   p o l y p e p t i d e   a n t i g e n ,   T - a n t i g e n ,   b e t a 2 -  

m i c r o g l o b u l i n ,   mammary  t u m o r - a s s o c i a t e d   g l y c o p r o t e i n s  

(MTGP),  g a l a c t y o s y l   t r a n s f e r a s e - I I   ( G T - I I ) ,   g p - 5 2   v i r a l -  

a s s o c i a t e d   a n t i g e n ,   o v a r i a n   c y s t a d e n o c a r c i n o m a - a s s o c i a t e d  

a n t i g e n   (OCAA),  o v a r i a n   t u m o r - s p e c i f i c   a n t i g e n   ( O C A ) ,  

c e r v i c a l   c a n c e r   a n t i g e n s   (CA-58. ,   CCA,  T A - 4 ) ,   b a s i c  

f e t o p r o t e i n   ( B F P ) ,   t e r m i n a l   d e o x y n u c l e o t i d y l   t r a n s f e r a s e  

( T d T ) ,   c y t o p l a s m i c   m e l a n o m a - a s s o c i a t e d   a n t i g e n s ,   h u m a n  

a s t r o c y t o m a - a s s o c i a t e d   a n t i g e n   (HAAA),  common  g l i o m a  

a n t i g e n   (CGA),   g l i o e m b r y o n i c   a n t i g e n   (GEA),   g l i a l  

f i b r i l l a r y   a c i d i c   p r o t e i n   (GFA),   common  m e n i n g i o m a  

a n t i g e n   (CMA),  f e r r i t i n ,   and  t u m o r   a n g i o g e n e s i s   f a c t o r  

( T A F ) .  

80.  The  m e t h o d   of  c l a i m   70,  w h e r e i n   s a i d   m a r k e r -  

s p e c i f i c   f r a g m e n t   i s   at   l e a s t   one  of  t he   Fab ,   F a b '   a n d  

F ( a b l ) 2   f r a g m e n t s   o b t a i n e d   by  c l e a v a g e   of  s a i d   s p e c i f i c  

a n t i b o d y .  

81.  The  m e t h o d   of  c l a i m   70,  w h e r e i n   s a i d   r a d i o -  

i s o t o p e   i s   one  of  I o d i n e - 1 3 1 ,   I o d i n e - 1 2 3 ,   I o d i n e - 1 2 6 ,  

I o d i n e - 1 3 3 ,   B r o m i n e - 7 7 ,   I n d i u m - 1 1 1 ,   I n d i u m - 1 1 3 m ,   G a l l i u m -  

67,  G a l l i u m - 6 8 ,   R u t h e n i u m - 9 5 ,   R u t h e n i u m - 9 7 ,   R u t h e n i u m -  

103,   R u t h e n i u m - 1 0 5 ,   M e r c u r y - 1 9 7 ,   M e r c u r y - 2 0 3 ,   R h e n i u m -  

99m,  R h e n i u m - 1 0 5 ,   R h e n i u m - 1 0 1 ,   T e l l u r i u m - 1 2 1 m ,   T e l l u r i u m -  

122m,  T e l l u r i u m - 1 2 5 m ,   T h u l i u m - 1 6 5 ,   T h u l i u m - 1 6 7 ,   T h u l i u m -  

168,   T e c h n e t i u m - 9 9 m   and  F l u o r i n e - 1 8 .  

82.  The  m e t h o d   of  c l a i m   70,  w h e r e i n   s a i d   r a d i o i s o t o p e  

is  I o d i n e - 1 3 1   or  I o d i n e - 1 2 3 .  

83.  The  m e t h o d   of  c l a i m   70,  w h e r e i n   t he   a m o u n t   o f  

r a d i o l a b e l   i n t r o d u c e d   by  d i r e c t   c h e m i c a l   s u b s t i t u t i o n  



i n t o   s a i d   m a r k e r - s p e c i f i c   a n t i b o d y   f r a g m e n t   is   s u f f i c i e n t  

to  r e d u c e   i t s   s p e c i f i c   m a r k e r   s u b s t a n c e   i m m u n o r e a c t i v i t y  

by  from  5  to  33%. 

84.  The  m e t h o d   of  c l a i m   70,  w h e r e i n   s a i d   m a r k e r -  

s p e c i f i c   a n t i b o d y   f r a g m e n t   is   s u b s t a n t i a l l y   m o n o s p e c i f i c  

fo r   the  m a r k e r   s u b s t a n c e ,   h a v i n g   a  c r o s s r e a c t i v i t y   w i t h  

o t h e r   a n t i g e n s   of  l e s s   t h a n   15%  and  an  i m m u n o r e a c t i v i t y  

fo r   the   m a r k e r   s u b s t a n c e   of  more  t h a n   50%.  

85.  The  m e t h o d   of  c l a i m   70,  w h e r e i n   the   s p e c i f i c  

a n t i b o d y   c l e a v e d   to  p r o d u c e   s a i d   m a r k e r - s p e c i f i c   f r a g m e n t  

is  a  m o n o c l o n a l   a n t i b o d y   h a v i n g   a  m a r k e r   s u b s t a n c e  

s p e c i f i c i t y   of  at   l e a s t   90%.  

86.  The  m e t h o d   of  c l a i m   70,  w h e r e i n   s a i d   f r a g m e n t  

is   l a b e l e d   w i t h   a  r a d i o i s o t o p e   of  i o d i n e ,   an  a v e r a g e   o f  

at  l e a s t   2 .5   a t o m s   of  i o d i n e   per   f r a g m e n t   m o l e c u l e   b e i n g  

i n t r o d u c e d .  

87.  The  m e t h o d   of  c l a i m   70,  w h e r e i n   s a i d   t u m o r   i s  

l o c a t e d   in  the   b r a i n   and  s a i d   f r a g m e n t   i s   i n j e c t e d  

i n t r a v e n o u s l y ,   i n t r a a r t e r i a l l y   or  i n t r a t h e c a l l y .  

88.  The  m e t h o d   of  c l a i m   87,  w h e r e i n   the   f r a g m e n t  

is   i n j e c t e d   i n t r a v e n o u s l y .  

89.  The  m e t h o d   of  c l a i m   70,  w h e r e i n   p r i o r   to  p h o t o -  

s c a n n i n g ,   a  s e c o n d   s u b s t a n c e   is   i n j e c t e d   i n t o   the   s u b j e c t ,  

s a i d   s e c o n d   s u b s t a n c e   b e i n g   r a d i o l a b e l e d   w i t h   a  r a d i o i s o t o p e  

e m i t t i n g   at  a  d i f f e r e n t   e n e r g y   from  the   a n t i b o d y   f r a g m e n t  

l a b e l   and  c a p a b l e   of  i n d e p e n d e n t   d e t e c t i o n   by  s a i d  

p h o t o s c a n n i n g   d e v i c e ,   t he   l e v e l   of  a c t i v i t y   of  s a i d  

s e c o n d   s u b s t a n c e   b e i n g   used   to  d e t e r m i n e   the   b a c k g r o u n d  

a c t i v i t y   due  to  n o n - t a r g e t e d   s p e c i f i c   a n t i b o d y   f r a g m e n t ,  

s a i d   b a c k g r o u n d   a c t i v i t y   b e i n g   s u b t r a c t e d   f rom  the   t o t a l  



a c t i v i t y   of  t he   s p e c i f i c   a n t i b o d y   f r a g m e n t ,   w h e r e b y   t h e  

a c t i v i t y   of  s u b s t a n t i a l l y   o n l y   t he   t a r g e t e d ,   t u m o r -  

a s s o c i a t e d   a n t i b o d y   f r a g m e n t   i s   d e t e r m i n e d .  

90.  The  m e t h o d   of  c l a i m   89,  w h e r e i n   s a i d   s e c o n d  

s u b s t a n c e   i s   at   l e a s t   one  of  t e c h n e t i u m - 9 9 m - l a b e l e d  

n o r m a l   human  i m m u n o g l o b u l i n ,   t e c h n e t i u m - 9 9 m - l a b e l e d   h u m a n  

serum  albumin,   t e c h e t i u m - 9 9 m - s u l f u r   c o l l o i d   and  t e c h n e t i u m - 9 9 m -  

p e r t e c h n e t a t e .  

91.  The  m e t h o d   of  c l a i m   89,  w h e r e i n   s a i d   s e c o n d  

s u b s t a n c e   i s   t he   c o r r e s p o n d i n g   f r a g m e n t   o b t a i n e d   b y  

a n a l o g o u s   c l e a v a g e   of  n o r m a l   i m m u n o g l o b u l i n   f rom  the   s a m e  

or  d i f f e r e n t   s p e c i e s   as  t h a t   u s e d   to  p r e p a r e   s a i d  

s p e c i f i c   a n t i b o d y .  

92.  The  m e t h o d   of  c l a i ,   91,  w h e r e i n   s a i d   c o r r e s p o n d i n g  

f r a g m e n t   i s   l a b e l e d   w i t h   a  d i f f e r e n t   i s o t o p e   of  t he   s a m e  

e l e m e n t   u s e d   to  l a b e l   t h e   f r a g m e n t   of  s a i d   s p e c i f i c   a n t i -  

b o d y .  

93.  The  m e t h o d   of  c l a i m   92,  w h e r e i n   t h e   s p e c i f i c  

a n t i b o d y   f r a g m e n t   i s   l a b e l e d   w i t h   one  of  a  p a i r   o f  

r a d i o i s o t o p e s ,   and  the   c o r r e s p o n d i n g   n o r m a l   i m m u n o g l o b u l i n  

f r a g m e n t   i s   l a b e l e d   w i t h   t h e   o t h e r   of  t h e   p a i r ,   s a i d   p a i r  

b e i n g   one  of  I o d i n e - 1 3 1   and  I o d i n e - 1 2 3 ;   I n d i u m - 1 1 1   a n d  

I n d i u m - 1 1 3 m ;   G a l l i u m - 6 7   and  G a l l i u m - 6 8 ;   R u t h e n i u m - 9 7   a n d  

R u t h e n i u m - 1 0 3 ;   or  M e r c u r y - 1 9 7   and  M e r c u r y - 2 0 3 .  

94.  The  m e t h o d   of  c l a i m   91,  w h i c h   f u r t h e r   c o m p r i s e s  

the   s t e p s   of  s t o r i n g   the   p h o t o s c a n n i n g   d a t a   in  a  c o m p u t e r ,  

e q u a l i z i n g   the   a c t i v i t y   l e v e l   of  s a i d   s e c o n d   s u b s t a n c e  

w i t h   t h a t   of  s a i d   m a r k e r - s p e c i f i c   f r a g m e n t   in  a t   l e a s t  

one  n o n - t a r g e t   a r e a   and  c a l c u l a t i n g   a  b a c k g r o u n d   l e v e l  

v a l u e   f o r   t he   m a r k e r - s p e c i f i c   f r a g m e n t   f o r   e a c h   d a t a  

p o i n t ;   s u b t r a c t i n g   t he   r e s u l t a n t   b a c k g r o u n d   v a l u e   f r o m  



the   t o t a l   m a r k e r - s p e c i f i c   f r a g m e n t   a c t i v i t y ,   p i x e l - b y -  

p i x e l ,   to  g e n e r a t e   a  v a l u e   f o r   t he   a c t i v i t y   of  t a r g e t e d  

m a r k e r - s p e c i f i c   f r a g m e n t   f o r   e a c h   d a t a   p o i n t ;   and  u s i n g  

the   r e s u l t a n t   g e n e r a t e d   v a l u e s   f o r   t a r g e t e d   m a r k e r -  

s p e c i f i c   f r a g m e n t   a c t i v i t y   to  g e n e r a t e   a  r e l a t e d   o u t p u t  

s i g n a l .  

95.  A  m e t h o d   f o r   d e t e c t i n g   and  l o c a l i z i n g   at   l e a s t  

one  t y p e   of  t u m o r   w h i c h   e i t h e r   p r o d u c e s   or  i s   a s s o c i a t e d  

w i t h   at  l e a s t   one  c y t o p l a s m i c ,   i n t r a c e l l u l a r   or  c e l l -  

s u r f a c e   m a r k e r   s u b s t a n c e   w h i c h   c o m p r i s e s   i n j e c t i n g   a 

s u b j e c t   p a r e n t e r a l l y   w i t h   at  l e a s t   two  m a r k e r - s p e c i f i c  

f r a g m e n t s ,   at   l e a s t   one  f r a g m e n t   b e i n g   a  m a r k e r - s p e c i f i c  

f r a g m e n t   o b t a i n e d   by  c l e a v a g e   of  a  f i r s t   a n t i b o d y  

s p e c i f i c   to  a  f i r s t   t u m o r   a s s o c i a t e d   m a r k e r   and  at  l e a s t  

one  o t h e r   f r a g m e n t   b e i n g   a  m a r k e r - s p e c i f i c   f r a g m e n t  

o b t a i n e d   by  c l e a v a g e   of  a  s e c o n d   a n t i b o d y   s p e c i f i c   to  a 

s e c o n d   t u m o r - a s s o c i a t e d   m a r k e r ,   e a c h   of  s a i d   at  l e a s t   t w o  

f r a g m e n t s   b e i n g   r a d i o l a b e l e d   w i t h   a  p h a r m a c o l o g i c a l l y  

i n e r t   r a d i o i s o t o p e   c a p a b l e   of  d e t e c t i o n   u s i n g   a 

p h o t o s c a n n i n g   d e v i c e ,   and  s u b s e q u e n t l y   s c a n n i n g   w i t h   s a i d  

d e v i c e   to  d e t e c t   and  l o c a t e   t he   s i t e   or  s i t e s   of  u p t a k e  

of  at  l e a s t   one  of  s a i d   l a b e l e d   f r a g m e n t s   by  s a i d   a t  

l e a s t   one  t u m o r .  

96.  The  m e t h o d   of  c l a i m   95,  w h e r e i n   s a i d   at   l e a s t  

two  m a r k e r - s p e c i f i c   f r a g m e n t s   a r e   o b t a i n e d   by  c l e a v a g e   o f  

at   l e a s t   two  of  a n t i - C E A   a n t i b o d y ,   a n t i - A F P   a n t i b o d y ,  

a n t i - H C G   a n t i b o d y   and  a n t i - C S A p   a n t i b o d y .  

97.  The  m e t h o d   of  c l a i m   95,  w h e r e i n   e a c h   of  s a i d  

at  l e a s t   two  f r a g m e n t s   is  l a b e l e d   w i t h   a  d i f f e r e n t  

r a d i o i s o t o p e .  

98.  The  m e t h o d   of  c l a i m   95,  w h e r e i n   p r i o r   t o  

p h o t o s c a n n i n g ,   at  l e a s t   one  r e f e r e n c e   s u b s t a n c e   i s  



i n j e c t e d   i n t o   t he   s u b j e c t ,   s a i d   r e f e r e n c e   s u b s t a n c e   b e i n g  

r a d i o l a b e l e d   w i t h   a  r a d i o i s o t o p e   e m i t t i n g   at   a  d i f f e r e n t  

e n e r g y   f rom  e i t h e r   a n t i b o d y   f r a g m e n t   l a b e l   and  c a p a b l e   o f  

i n d e p e n d n e t   d e t e c t i o n   by  s a i d   p h o t o s c a n n i n g   d e v i c e ,   t h e  

l e v e l   of  a c t i v i t y   of  s a i d   r e f e r e n c e   s u b s t a n c e   b e i n g   u s e d  

to  d e t e r m i n e   the   b a c k g r o u n d   a c t i v i t y   due  to  e a c h   n o n -  

t a r g e t e d   s p e c i f i c   a n t i b o d y   f r a g m e n t ,   s a i d   b a c k g r o u n d  

a c t i v i t y   b e i n g   s u b t r a c t e d   f rom  t he   t o t a l   a c t i v i t y   of  e a c h  

s p e c i f i c   a n t i b o d y   f r a g m e n t ,   w h e r e b y   t h e   a c t i v i t y   o f  

s u b s t a n t i a l l y   o n l y   e a c h   t a r g e t e d ,   t u m o r - a s s o c i a t e d  

a n t i b o d y   f r a g m e n t   i s   d e t e r m i n e d .  

99.  The  m e t h o d   of  c l a i m   98,  w h e r e i n   s a i d   r e f e r e n c e  

s u b s t a n c e   i s   a t   l e a s t   one  of  t e c h n e t i u m - 9 9 m - l a b e l e d  

n o r m a l   human  i m m u n o g l o b u l i n ,   t e c h n e t i u m - 9 9 m - l a b e l e d   h u m a n  

serum  albumin,   t e c h n e t i u m - 9 9 m - s u l f u r   c o l l o i d   and  t e c h n e t i u m - 9 9 m -  

p e r t e c h n e t a t e . .  

100 .   The  m e t h o d   of  c l a i m   98,  w h e r e i n   e a c h   of  s a i d  

at   l e a s t   two  f r a g m e n t s   i s   l a b e l e d   w i t h   a  d i f f e r e n t  

r a d i o i s o t o p e ;   t h e   f r a g m e n t s   o b t a i n e d   by  a n a l o g o u s  

c l e a v a g e   of  n o r m a l   i m m u n o g l o b u l i n   f rom  t h e   same  o r  

d i f f e r e n t   s p e c i e s   as  t h o s e   u sed   to  p r e p a r e   e a c h   s a i d  

s p e c i f i c   a n t i b o d y   and  c o r r e s p o n d i n g   to  e a c h   of  s a i d   a t  

l e a s t   two  f r a g m e n t s   a r e   u sed   as  r e f e r e n c e   s u b s t a n c e s ;  

e a c h   r e f e r e n c e   f r a g m e n t   i s   l a b e l e d   w i t h   a  d i f f e r e n t  

i s o t o p e   of  the   same  e l e m e n t   u s e d   to  l a b e l   t h e  

c o r r e s p o n d i n g   f r a g m e n t   of  s a i d   s p e c i f i c   a n t i b o d y ;   and  t h e  

a c t i v i t y   of  t he   r e f e r e n c e   f r a g m e n t   c o r r e s p o n d i n g   to  e a c h  

of  s a i d   at  l e a s t   two  f r a g m e n t s   i s   u s e d   to  d e t e r m i n e   t h e  

b a c k g r o u n d   a c t i v i t y   and  the   t a r g e t e d   f r a g m e n t   a c t i v i t y  

f o r   t he   s p e c i f i c   a n t i b o d y   f r a g m e n t   to  w h i c h   i t   c o r r e s p o n d s .  

101.   A  m e t h o d   f o r   d e t e c t i n g   and  l o c a l i z i n g   at   l e a s t  

one  t y p e   of  t u m o r   w h i c h   p r o d u c e s   or  i s   a s s o c i a t e d   w i t h   a t  

l e a s t   one  c y t o p l a s m i c ,   i n t r a c e l l u l a r   or  c e l l - s u r f a c e  



m a r k e r   s u b s t a n c e ,   w h i c h   c o m p r i s e s   i n j e c t i n g   a  s u b j e c t  

p a r e n t e r a l l y   w i t h   a  m u l t i v a l e n t   h y b r i d   c o n t a i n i n g   i n  

c h e m i c a l   c o m b i n a t i o n   at  l e a s t   one  m a r k e r - s p e c i f i c  

f r a g m e n t   o b t a i n e d   by  c l e a v a g e   of  an  a n t i b o d y   s p e c i f i c   t o  

a  f i r s t   t u m o r - a s s o c i a t e d   m a r k e r   and  a t   l e a s t   a  s e c o n d ,  

d i f f e r e n t   m a r k e r - s p e c i f i c   f r a g m e n t   o b t a i n e d   by  c l e a v a g e  

of  an  a n t i b o d y   s p e c i f i c   to  the   same  or  d i f f e r e n t   t u m o r -  

a s s o c i a t e d   m a r k e r ,   s a i d   h y b r i d   b e i n g   r a d i o l a b e l e d   w i t h   a 

p h a r m a c o l o g i c a l l y   i n e r t   r a d i o i s o t o p e   c a p a b l e   of  d e t e c t i o n  

u s i n g   a  p h o t o s c a n n i n g   d e v i c e ,   and  s u b s e q u e n t l y   s c a n n i n g  

w i t h   s a i d   d e v i c e   to  d e t e c t   and  l o c a t e   t he   s i t e   or  s i t e s  

of  u p t a k e   of  s a i d   l a b e l e d   h y b r i d   by  s a i d   a t   l e a s t   o n e  

t y p e   of  t u m o r .  

102 .   The  m e t h o d   of  c l a i m   101,   w h e r e i n   s a i d   h y b r i d  

is   an  F ( a b l ) 2   f r a g m e n t   o b t a i n e d   by  c l e a v a g e   and  r e c o m -  

b i n a t i o n   of  a  m i x t u r e   of  F ( a b l ) 2   f r a g m e n t s ,   a  p o r t i o n   o f  

wh ich   a r e   s p e c i f i c   to  s a i d   f i r s t   m a r k e r ,   t he   r e m a i n d e r  

b e i n g   s a i d   s e c o n d ,   d i f f e r e n t   f r a g m e n t s .  

103 .   The  m e t h o d   of  c l a i m   101,   w h e r e i n   one  arm  i n  

s a i d   h y b r i d   i s   a  C E A - s p e c i f i c   Fab '   f r a g m e n t   o b t a i n e d   b y  

c l e a v a g e   of  a n t i - C E A   a n t i b o d y   and  a  s e c o n d   arm  in  s a i d  

h y b r i d   i s   a  C S A p - s p e c i f i c   f r a g m e n t   o b t a i n e d   by  c l e a v a g e  

of  a n t i - C S A p   a n t i b o d y .  

104.   The  m e t h o d   of  c l a i m   101,   w h e r e i n   s a i d   h y b r i d  

c o n t a i n s   a  m a r k e r - s p e c i f i c   Fab '   arm  o b t a i n e d   by  c l e a v a g e  

of  at  l e a s t   one  of  a n t i - C E A   a n t i b o d y ,   a n t i - A F P   a n t i b o d y ,  

a n t i - H C G   a n t i b o d y   and  a n t i - C S A p   a n t i b o d y .  

105.   The  m e t h o d   of  c l a i m   101,   w h e r e i n   s a i d   h y b r i d  

c o n t a i n s   m a r k e r - s p e c i f i c   F a b '   arms  o b t a i n e d   by  c l e a v a g e  

of  at  l e a s t   two  of  a n t i - C E A   a n t i b o d y ,   a n t i - A F P   a n t i b o d y ,  

a n t i - H C G   a n t i b o d y   and  a n t i - C S A p   a n t i b o d y .  



106.   The  m e t h o d   of  c l a i m   101 ,   w h e r e i n   p r i o r   t o  

p h o t o s c a n n i n g ,   a  s e c o n d   s u b s t a n c e   is   i n j e c t e d   i n t o   t h e  

s u b j e c t ,   s a i d   s e c o n d   s u b s t a n c e   b e i n g   r a d i o l a b e l e d   w i t h   a  

r a d i o i s o t o p e   e m i t t i n g   a t   a  d i f f e r e n t   e n e r g y   f rom  t h e  

h y b r i d   l a b e l   and  c a p a b l e   of  i n d e p e n d e n t   d e t e c t i o n   by  s a i d  

p h o t o s c a n n i n g   d e v i c e ,   t he   l e v e l   of  a c t i v i t y   of  s a i d  

s e c o n d   s u b s t a n c e   b e i n g   u s e d   to  d e t e r m i n e   the   b a c k g r o u n d  

a c t i v i t y   due  to  n o n - t a r g e t e d   h y b r i d ,   s a i d   b a c k g r o u n d  

a c t i v i t y   b e i n g   s u b t r a c t e d   f rom  the   t o t a l   a c t i v i t y   of  t h e  

h y b r i d ,   w h e r e b y   t he   a c t i v i t y   of   s u b s t a n t i a l l y   o n l y   t h e  

t a r g e t e d ,   t u m o r - a s s o c i a t e d   h y b r i d   is   d e t e r m i n e d .  

107.   The  m e t h o d   of  c l a i m   106,   w h e r e i n   s a i d   s e c o n d  

s u b s t a n c e   i s   a t   l e a s t   one  of  t e c h n e t i u m - 9 9 m - l a b e l e d  

n o r m a l   human  i m m u n o g l o b u l i n ,   t e c h n e t i u m - 9 9 m - l a b e l e d   h u m a n  

serum  albumin,  t e c h n e t i u m - 9 9 m - s u l f u r   c o l l o i d   and  t e c h n e t i u m - 9 9 m -  

p e r t e c h n e t a t e .  

108.   The  m e t h o d   of   c l a i m   106 ,   w h e r e i n   s a i d   s e c o n d  

s u b s t a n c e   i s   a  s e c o n d   h y b r i d   c o n t a i n i n g   in  c h e m i c a l  

c o m b i n a t i o n   a  f r a g m e n t   c o r r e s p o n d i n g   to  s a i d   a t   l e a s t   o n e  

m a r k e r - s p e c i f i c   f r a g m e n t   and  o b t a i n e d   by  a n a l o g o u s  

c l e a v a g e   of  n o r m a l   i m m u n o g l o b u l i n   f rom  t he   same  o r  

d i f f e r e n t   s p e c i e s   as  t h a t   u s e d   to  p r e p a r e   s a i d   a n t i b o d y  

s p e c i f i c   to  a  f i r s t   t u m o r - a s s o c i a t e d   m a r k e r   and  at  l e a s t  

a  s e c o n d   f r a g m e n t   c o r r e s p o n d i n g   to  s a i d   d i f f e r e n t   m a r k e r -  

s p e c i f i c   f r a g m e n t   and  o b t a i n e d   by  a n a l o g o u s   c l e a v a g e   o f  

n o r m a l   i m m u n o g l o b u l i n   f rom  t he   same  or  d i f f e r e n t   s p e c i e s  

as  t h a t   u s e d   to  p r e p a r e   s a i d   a n t i b o d y   s p e c i f i c   to  t h e  

same  or  d i f f e r e n t   t u m o r - a s s o c i a t e d   m a r k e r .  

109.   The  m e t h o d   of  c l a i m   108,   w h e r e i n   s a i d   s e c o n d  

h y b r i d   is   l a b e l e d   w i t h   a  d i f f e r e n t   i s o t o p e   of  t he   s a m e  

e l e m e n t   u s e d   to  l a b e l   t he   m u l t i v a l e n t   h y b r i d .  



110.   The  m e t h o d   of  c l a i m   109,   w h e r e i n   t he   m u l t i v a l e n t  

h y b r i d   is  l a b e l e d   w i t h   one  of  I o d i n e - 1 3 1   or  I o d i n e - 1 2 3  

and  the   s e c o n d   h y b r i d   i s   l a b e l e d   w i t h   t h e   o t h e r   of  I o d i n e -  

131  or  I o d i n e - 1 2 3 .  

111.   A  m e t h o d   of  t u m o r   r a d i o t h e r a p y ,   w h i c h   c o m p r i s e s  

p a r e n t e r a l l y   i n j e c t i n g   i n t o   a  s u b j e c t   h a v i n g   a  t u m o r  

w h i c h   p r o d u c e s   or  i s   a s s o c i a t e d   w i t h   a  c y t o p l a s m i c ,   i n t r a -  

c e l l u l a r   or  c e l l - s u r f a c e   m a r k e r   s u b s t a n c e   an  e f f e c t i v e  

t u m o r   r e d u c i n g   a m o u n t   of  a t   l e a s t   one  m a r k e r - s p e c i f i c  

f r a g m e n t   o b t a i n e d   by  c l e a v a g e   of  an  a n t i b o d y   s p e c i f i c   t o  

s a i d   m a r k e r   s u b s t a n c e   and  r a d i o l a b e l e d   w i t h   a  p h a r m a -  

c e u t i c a l l y   i n e r t ,   r a d i o t h e r a p e u t i c a l l y   e f f e c t i v e   r a d i o -  

i s o t o p e .  

112.   A  m e t h o d   of  t u m o r   r a d i o t h e r a p y ,   w h i c h   c o m p r i s e s  

p a r e n t e r a l l y   i n j e c t i n g   i n t o   a  s u b j e c t   h a v i n g   at  l e a s t   o n e  

t y p e   of  t umor   w h i c h   p r o d u c e s   or  is   a s s o c i a t e d   w i t h   a t  

l e a s t   one  c y t o p l a s m i c ,   i n t r a c e l l u l a r   or  c e l l - s u r f a c e  

m a r k e r   s u b s t a n c e   an  e f f e c t i v e   t u m o r   r e d u c i n g   a m o u n t   of  a  

m u l t i v a l e n t   h y b r i d   c o n t a i n i n g   in  c h e m i c a l   c o m b i n a t i o n   a t  

l e a s t   one  m a r k e r - s p e c i f i c   f r a g m e n t   o b t a i n e d   by  c l e a v a g e  

of  an  a n t i b o d y   s p e c i f i c   to  a  f i r s t   t u m o r - a s s o c i a t e d  

m a r k e r   and  at   l e a s t   a  s e c o n d ,   d i f f e r e n t   m a r k e r - s p e c i f i c  

f r a g m e n t   o b t a i n e d   by  c l e a v a g e   of  an  a n t i b o d y   s p e c i f i c   t o  

the   same  or  d i f f e r e n t   t u m o r - a s s o c i a t e d   m a r k e r ,   s a i d  

h y b r i d   b e i n g   r a d i o l a b e l e d   w i t h   a  p h a r m a c o l o g i c a l l y   i n e r t ,  

r a d i o t h e r a p e u t i c a l l y   e f f e c t i v e   r a d i o i s o t o p e .  

113.   The  m e t h o d   of  c l a i m   112,   w h e r e i n   s a i d   m u l t i -  

v a l e n t   h y b r i d   is   p r e p a r e d   by  t he   s t e p s   of  p e p s i n - c a t a l y z e d  

c l e a v a g e   of  a n t i - C E A   a n t i b o d y   to  p r o d u c e   an  F ( a b ' ) 2   f r a g -  

ment   and  r e d u c t i v e   c l e a v a g e   t h e r e o f   to  form  C E A - s p e c i f i c  

Fab '   f r a g m e n t s ,   p e p s i n - c a t a l y z e d   c l e a v a g e   of  a n t i - C S A p  

a n t i b o d y   to  p r o d u c e   an  F ( a b ' ) 2   f r a g m e n t   and  r e d u c t i v e  

c l e a v a g e   t h e r e o f   to  form  C S A p - s p e c i f i c   F a b '   f r a g m e n t s ,  



and  o x i d a t i v e   c o u p l i n g   of  a  m i x t u r e   of  s a i d   C E A - s p e c i f i c  

Fab '   f r a g m e n t s   and  s a i d   C S A p - s p e c i f i c   F a b '   f r a g m e n t s   t o  

form  F ( a b ' ) 2   f r a g m e n t s ,   at   l e a s t   a  p o r t i o n   of  w h i c h   a r e  

m u l t i v a l e n t   h y b r i d s   s p e c i f i c   to  b o t h   CEA  and  CSAp.  

114 .   The  m e t h o d   of  c l a i m   113 ,   w h e r e i n   s a i d   m u l t i -  

v a l e n t   h y b r i d   is  p u r i f i e d   by  s e q u e n t i a l   a f f i n i t y   c h r o m a -  

t o g r a p h y   t h r o u g h   a  c o l u m n   c o n t a i n i n g   bound   CEA  and  a  

c o l u m n   c o n t a i n i n g   bound  CSAp .  

115.   An  i n j e c t a b l e   c o m p o s i t i o n ,   w h i c h   c o m p r i s e s :  

(a)   a t   l e a s t   one  m a r k e r - s p e c i f i c   f r a g m e n t   o b t a i n e d  

by  c l e a v a g e   of  an  a n t i b o d y   s p e c i f i c   to  a  c y t o p l a s m i c ,  

i n t r a c e l l u l a r   or  c e l l - s u r f a c e   m a r k e r   s u b s t a n c e   w h i c h   i s  

p r o d u c e d   or  a s s o c i a t e d   w i t h   a  t u m o r ,   s a i d   f r a g m e n t   b e i n g  

r a d i o l a b e l e d   w i t h   a  p h a r m a c o l o g i c a l l y   i n e r t   r a d i o i s o t o p e  

c a p a b l e   of  d e t e c t i o n   u s i n g   a  p h o t o s c a n n i n g   d e v i c e ;   a n d  

(b)  a  p h a r m a c e u t i c a l l y  a c c e p t a b l e   i n j e c t i o n  

v e h i c l e .  

116 .   The  c o m p o s i t i o n   of  c l a i m   115 ,   w h i c h   f u r t h e r  

c o m p r i s e s   a t   l e a s t   a  s e c o n d   m a r k e r - s p e c i f i c   f r a g m e n t  

o b t a i n e d   by  c l e a v a g e   of  a  s e c o n d   a n t i b o d y   s p e c i f i c   to  a  

s e c o n d   t u m o r - a s s o c i a t e d   m a r k e r ,   s a i d   f r a g m e n t   b e i n g  

r a d i o l a b e l e d   w i t h   a  p h a r m a c o l o g i c a l l y   i n e r t   r a d i o i s o t o p e  

c a p a b l e   of  d e t e c t i o n   u s i n g   a  p h o t o s c a n n i n g   d e v i c e .  

117 .   The  i n j e c t a b l e   c o m p o s i t i o n   of  c l a i m   1 1 5 ,  

wh ich   f u r t h e r   c o m p r i s e s   a  r e f e r e n c e   f r a g m e n t   w h i c h   i s   t h e  

c o r r e s p o n d i n g   f r a g m e n t   o b t a i n e d   by  a n a l o g o u s   c l e a v a g e   o f  

n o r m a l   i m m u n o g l o b u l i n   f rom  t h e   same  or  d i f f e r e n t   s p e c i e s  

as  t h a t   u s e d   to  p r e p a r e   s a i d   s p e c i f i c   a n t i b o d y ,   s a i d  

r e f e r e n c e   f r a g m e n t   b e i n g   r a d i o l a b e l e d   w i t h   a  d i f f e r e n t  

i s o t o p e   of  t he   same  e l e m e n t   u s e d   to  l a b e l   s a i d   m a r k e r -  

s p e c i f i c   f r a g m e n t   and  e m i t t i n g   a t   an  e n e r g y   c a p a b l e   o f  

i n d e p e n d e n t   d e t e c t i o n   u s i n g   s a i d   p h o t o s c a n n i n g   d e v i c e .  



118.   An  i n j e c t a b l e   c o m p o s i t i o n   w h i c h   c o m p r i s e s :  

(a)   a  m u l t i v a l e n t   h y b r i d   c o n t a i n i n g   in  c h e m i c a l  

c o m b i n a t i o n   a t   l e a s t   one  m a r k e r - s p e c i f i c   f r a g m e n t   o b t a i n e d  

by  c l e a v a g e   of  an  a n t i b o d y   s p e c i f i c   to  a  f i r s t   t u m o r -  

a s s o c i a t e d   m a r k e r   and  at   l e a s t   a  s e c o n d   d i f f e r e n t   m a r k e r -  

s p e c i f i c   f r a g m e n t   o b t a i n e d   by  c l e a v a g e   of  an  a n t i b o d y  

s p e c i f i c   to  t he   same  or  d i f f e r e n t   t u m o r   a s s o c i a t e d  

m a r k e r ,   s a i d   h y b r i d   b e i n g   r a d i o l a b e l e d   w i t h   a  p h a r m a -  

c o l o g i c a l l y   i n e r t   r a d i o i s o t o p e   c a p a b l e   of  d e t e c t i o n  u s i n g  

a  p h o t o s c a n n i n g   d e v i c e ;   a n d  

(b)  a  p h a r m a c e u t i c a l l y   a c c e p t a b l e   i n j e c t i o n  

v e h i c l e .  

119.   The  i n j e c t i o n   c o m p o s i t i o n   of  c l a i m   118 ,   w h i c h  

f u r t h e r   c o m p r i s e s   a  r e f e r e n c e   f r a g m e n t   f rom  n o r m a l   i m m u n o -  

g l o b u l i n   f rom  the   same  or  d i f f e r e n t   s p e c i e s   as  t h a t   u s e d  

to  p r e p a r e   s a i d   h y b r i d   and  o b t a i n e d   by  a n a l o g o u s   c l e a v a g e  

of  s a i d   n o r m a l   i m m u n o g l o b u l i n ,   s a i d   r e f e r e n c e   f r a g m e n t  

b e i n g   r a d i o l a b e l e d   w i t h   a  d i f f e r e n t   i s o t o p e   of  t he   s a m e  

e l e m e n t   u s e d   to  l a b e l   s a i d   m u l t i v a l e n t   h y b r i d   a n d  

e m i t t i n g   at   an  e n e r g y   c a p a b l e   of  i n d e p e n d e n t   d e t e c t i o n  

u s i n g   s a i d   p h o t o s c a n n i n g   d e v i c e .  

120 .   A  m e t h o d   of  t u m o r   r a d i o t h e r a p y ,   w h i c h   c o m -  

p r i s e s   p a r e n t e r a l l y   i n j e c t i n g   i n t o   a  s u b j e c t   h a v i n g   a  

t umor   w h i c h   p r o d u c e s   or  is   a s s o c i a t e d   w i t h   a  c y t o p l a s m i c ,  

i n t r a c e l l u l a r   or  c e l l - s u r f a c e   m a r k e r   s u b s t a n c e   a n  

e f f e c t i v e   t u m o r   r e d u c i n g   a m o u n t   of  a t   l e a s t   one  m a r k e r -  

s p e c i f i c   f r a g m e n t   o b t a i n e d   by  c l e a v a g e   of  an  a n t i b o d y  

s p e c i f i c   to  s a i d   m a r k e r   s u b s t a n c e   and  r a d i o l a b e l e d   w i t h   a 

p h a r m a c o l o g i c a l l y   i n e r t   r a d i o i s o t o p e   c a p a b l e   of  d e t e c t i o n  

w i t h   a  p h o t o s c a n n i n g   d e v i c e ,   s a i d   l a b e l e d   f r a g m e n t  

f u r t h e r   c o n t a i n i n g   in  c h e m i c a l   c o m b i n a t i o n   a t   l e a s t   o n e  

a d d e n d   c o n t a i n i n g   at   l e a s t   f i v e   a t o m s   of  b o r o n   w i t h   a t  

l e a s t   a  n a t u r a l   a b u n d a n c e   of  B o r o n - 1 0   i s o t o p e ;   w h e r e i n  

the   l o c a t i o n   of  s a i d   tumor   is   d e t e r m i n e d   u s i n g   s a i d  



p h o t o s c a n n i n g   d e v i c e ,   and  a  beam  of  t h e r m a l   n e u t r o n s   i s  

t h e n   d i r e c t e d   at   s a i d   t u m o r   l o c a t i o n .  

121 .   The  i n j e c t a b l e   c o m p o s i t i o n   of  c l a i m   1 1 5 ,  

w h e r e i n   s a i d   m a r k e r - s p e c i f i c   f r a g m e n t   f u r t h e r   c o n t a i n s   i n  

c h e m i c a l   c o m b i n a t i o n   at   l e a s t   one  a d d e n d   c o n t a i n i n g   a t  

l e a s t   f i v e   a t o m s   of  b o r o n   w i t h   a t   l e a s t   t he   n a t u r a l  

a b u n d a n c e   of  B o r o n - 1 0   i s o t o p e .  
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